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SUMMARY 

P a r k  s t a f f  h a v e  a t t e m p t e d  t o  c o n t r o l  w i l d  p i g s ,  p r i m a r i l y  by  
h ~ r n t i n q ,  s i n c e  1916 .  R e c o r d e d  a n n u a l  i 1  i n c r e a s e d  f r o m  u n d e r  
!= - 
a(_) p r i o r  t o  Wor ld  War I 1  t o  a p p r o x i m a t e l y  30C) d u r i n g  t h e  1 7 6 0 ' s .  
I n  1 9 7 2  a p r o g r a m  w a s  i n s t i t u t e d  a l l o w i n g  c i t i z e n  h u n t e r s  t o  
a s s i s t  i n  t h e  c o n t r o l  o f  g o a t s  a n d  p i q s  a s  d e p u t y  r a n g e r s .  T h e  
p r i m a r y  e f f o r t  w a s  g o a t  e r a d i c a t i o n  a t  f i r s t ,  b u t  s w i t c h e d  t o  p i g  
c o n t r o l  a s  t h e  g o a t  p o p u l a t i o n  w a s  r e d u c e d .  I t  w a s  r e a l i z e d  f r o m  
t h e  o u t s e t  t h a t  e r a d i c a t i o n  of  p i g s  w a s  a n  u n l i k e l y  p r o s p e c t .  

The D e p u t y  R a n g e r  P r o g r a m  i n c l u d e d  a m a n d a t a r y  checC::-in p r o c e d u r e  
s o  t h a t  m o n t h l y  r e c o r d s  o f  h u n t i n g  e f f o r t  and  p i g  k i l l  c o u l d  b e  
c o m p i l e d  f o r  e a c h  o f  e l e v e n  p i g  management  u n i t s .  The  u n i t s  
e n c o m p a s s  t h e  e n t i r e  P a r k  a n d  r a n g e  f r o m  1 3 3 2  t o  2 3 6 1 8  h e c t a r e s .  
The t o t a l .  a n n u a l  r e c o r d e d  l::i 1 1  d e c l i n e d  f r o m  a b o u t  250 t o  u n d e r  
150  f r o m  t h e  e a r l y  1970's t o  t h e  e a r l y  198C)'s. However ,  o n l y  o n e  
u n i t ,  t h e  a r e a  a r o u n d  t:::i l a u e a  C r a t e r  f r o m  T h u r s t o n  L a v a  Tube  t o  
B i r d  P a r k ,  w a s  c l e a r e d  of  p i g s  w i t h i n  t h e  d e c a d e .  F e n c i n g  a n d  
excel l e n t  v e h i c u l a r  access w e r e  u n d o u b t e d l y  key  f a c t o r s  
. f a c i l i t a t i n g  t h e  e f f e c t i v e n e s s  of  h u n t i n g  i n  t h i s  u n i t .  Most o f  
t h e  r e m a i n i n g  p i g  h a b i t a t  i n  t h e  Park::, c o m p r i s i n g  a b o u t  25 
p e r c e n t  of  t h e  t o t a l  P a r k  area,  s t i l l  s u p p o r t s  p i g s  a t  or n e a r  
c a r r y i n g  c a p a c i t y  d e s p i t e  c o n t i n u o u s  h u n t i n g .  

A s i m u l a t i o n  model w a s  u s e d  t o  e x a m i n e  t h e  i m p a c t  of  t h e  r e c o r d e d  
I.::ill o n  t h e  e s t i m a t e d  p i g  p o p u l a t i o n s  i n  e a c h  management  u n i t .  I n  
cmly  o n e  case, t h e  t:::ipuC:a t:::i U n i t ,  d i d  t h e  s i m u l a t i o n  r e s u l t s  
i n d i c a t e  t h a t  t h e  g i v e n  k i l l  rates h a d  s i g n i f i c a n t l y  r e d u c e d  t h e  
p o p u l a t i o n .  The  model b a s e d  on  t h e  b e s t  i n f o r m a t i o n  a v a i  1  a b l e ,  
i . n d i c a t e s  t h a t  a  s e m i a n n u a l  k i l l  r a te  of  b e t w e e n  3 5  a n d  40 p e r c e n t  
of t h e  p r e - h a r v e s t  a d u l t  p o p u l a t i o n  mus t  b e  m a i n t a i n e d  t o  c o n t r o l  
t h e  p o p u l  a t i o n  t o  h a l f  i ts u n h a r v e s t e d  e q u i  1  i b r i u m  d e n s i t y .  
R e c e n t  1: : i l l  r a t e s  h a v e  a v e r a g e d  o n l y  a b o u t  t h r e e  p e r c e n t .  

The k::i 1 1  - p e r - u n i  t - e f  f  o r t  d a t a  f r o m  t h e  D e p u t y  R a n g e r  P r ~ g r a m  
a l l o w s  c a l c u l a t i o n  of  a c o n s e r v a t i v e  e s t ima te  +or t h e  t o t a l  
e f f n r t  r e q u i r e d  t n  e l i m i n a t e  p i g s  f r o m  an  a r e a .  F o r  e x a m p l e ,  a n  
er;t i mated  58C)C) man-days o v e r  a f  i \ / e -year  p e r i  od  waul d be r e q u i  r e d  
t o  e x t e r m i n a t e  p i g s  f r o m  t h e  Puhimau  U n i t .  W h i l e  more e + f  i c i e n t  
h u n t e r s  c n u l d  b e  u s e d  t h a n  t h e  a v e r a g e  d e p u t y  r a n g e r ?  t h e  e f f o r t  
r e q u i r e d  t n  e x t e r m i n a t e  p i g s  by  h u n t i n g  w i t h  d o g s  would s t i l l  b e  
S a r  g r e a t e r  t h a n  h a s  b e e n  a p p l i e d  t o  d a t e ,  e x c e p t  i n  t h e  f ew  
h i g h l y  a c c e s s i b l e  p c l r t i o n s  of  t h e  P a r k .  



INTRODUCTION 

A d m i n i s t r a t o r s  o f  H a w a i i  V o l c a n o e s  N a t i o n a l  Park: h a v e  r e c o g n i z e d  
t h e  d e s i r a b i l i t y  o f  e r a d i c a t i n g  or a t  l e a s t  c o n t r o l l i n g  t h e  
n u m b e r s  o f  f e r a l  p i g s  a l o n g  w i t h  o t h e r  e x o t i c  u n g u l a t e s  s i n c e  t h e  
P a r k ' s  i n c e p t i o n  ( B a k e r ,  1 9 7 6 ;  T a y l o r ,  1 9 8 2 )  . A 1  t h o u g h  v a r i o u s  
c o n t r o l  m e t h o d s  h a v e  b e e n  a t t e m p t e d ,  t h e  m o s t  commonly u s e d  b y  
f a r  is s h o o t i n g  w h i l e  h u n t i n g  w i t h  d o g s .  P i g s  h a v e  b e e n  s h o t  
more or less r e g u l a r l y  by  r a n g e r s  a n d  o t h e r s  s i n c e  1916, b u t  
a t t e m p t s  t o  r e c o r d  s u c h  e f f o r t s  w e r e  s p o r a d i c  u n t i l  1 9 7 2  when a 
D e p u t y  R a n g e r  P r o g r a m  w a s  i n i t i a t e d  ( F i g u r e  1 ) .  

The  D e p u t y  R a n g e r  P r o g r a m  w a s  d e s i g n e d  t o  l e g a l i z e  t h e  u s e  o f  
r e l a t i v e 1  y i n e x p e n s i v e  l a b o r  p r o v i d e d  b y  c i t i z e n  h u n t e r s  i n  
a s s i s t i n q  t h e  smal l  r a n g e r  s t a f f  t o  c o n t r o l  e x o t i c  u n g u l a t e s ,  
p r i m a r i l y  g o a t s  a n d  p i g s .  A t  f i r s t  m o s t  o f  t h e  t o t a l  e f f o r t  w e n t  
t o w a r d  e r a d i c a t i n g  g o a t s .  A s  g o a t s  b e c a m e  scarce  h u n t i n g  e f f o r t  
s w i t c h e d  t o  p i g s .  I t  w a s  r e a l i z e d  f r o m  t h e  o u t s e t ;  h o w e v e r ,  t h a t  
t o t a l  e r a d i c a t i o n  o f  p i g s  w a s  a n  u n l i k e l y  p r o s p e c t .  

F ' r o p e r l y  1 i c e n s e d  local  h u n t e r s  were d e p u t i z e d  a s  p a r k  r a n g e r s  
a f t e r  p a s s i n g  a h u n t e r  s a f e t y  c o u r s e .  D e p u t i e s  w e r e  r e q u i r e d  t o  
s i g n  i n  a n d  o u t  a t  P a r k  h e a d q u a r t e r s  e a c h  d a y  t h e y  w e r e  on d u t y .  
V a r i o u s  r e s t r i c t i o n s  r e g a r d i n g  t h e  u s e  o f  f i r e a r m s ,  d o g s ,  v e h i c l e s ,  
a n d  h u n t i n g  l o c a t i o n s  w e r e  e s t a b l i s h e d  o v e r  t h e  y e a r s .  D e p u t y  
r a n g e r s  w e r e  r e q u i r e d  t o  p r o v i d e  c e r t a i n  i n f o r m a t i o n  when s i g n i n g  
i n ,  i n c l u d i n g  t h e  s u b - u n i t  o f  t h e  Park:: t h e y  c h o s e  t o  h u n t  t h a t  d a y ,  
t h e  t o t a l  number  o f  p e r s o n s  i n  t h e  h u n t i n g  p a r t y ,  a n d  upon  l e a v i n g ,  
t h e  s p e c i e s ,  number  a n d  s e x  o f  a n y  a n i m a l s  b a g g e d .  They w e r e  
a l l o w e d  t o  k e e p  a l l  a n i m a l s  t h e y  k i l l e d .  

The  c o s t  t o  t h e  P a r k  f o r  t h e  p r o g r a m  h a s  i n c l u d e d  a p p r o x i m a t e l y  2 
man-days o f  r a n q e r  t i m e  f o r  e n f o r c e m e n t  a n d  4 man-days o f  r e s o u r c e  
m a n a g e r  t i m e  f o r  r e c o r d  k e e p i n g  a n d  f i e l d  m o n i t o r i n g  p e r  m m t h .  
IJndar 1  man-day o f  r e s o u r c e  management  t i m e  h a s  g o n e  t o w a r d  r e c o r d  
k e e p i n g  h u t  t h e  e f f o r t s  a t  f i e l d  m o n i t o r i n g  a n d  d i r e c t  c o n t r o l  o f  
p i g s  h a s  h e e n  more v a r i a b l e .  Up t o  1 0  man-days  p e r  month  w e r e  s p e n t  
i n  t h e  f i e l d  b e t w e e n  1 9 7 5  a n d  1 9 8 0  when p e r s o n n e l  were s h i f t e d  f r o m  
g o a t  c o n t r o l  t o  p i g  c o n t r o l .  R e c e n t l y  u n d e r  2 man-days p e r  month  
h a v e  b e e n  a l l o c a t e d  t o  f i e l d  work w i t h  p i g s ,  p r i m a r i l y  c h e c k i n g  
f e n c e s  a n d  m o n i t o r i n g  p i g  damage.  

The D e p u t y  R a n g e r  P r o g r a m  b e g a n  November ,  1 9 7 2 ;  r e c o r d s  h a v e  b e e n  
k e p t  c o n t i n u o u s l y  s i n c e  t h e n  a n d  s u m m a r i z e d  m o n t h l y  a n d  
s e m i - a n n u a l l y .  T h e  p u r p o s e  of  t h i s  r e p o r t  is t o  r e v i e w  a l l  t h e  
a v a i  l a b l e  r e c o r d s  t h r o u g h  F e b r u a r y ,  1 9 8 3 .  I n  a d d i t i o n  t o  
p r o v i d i n y  a  summary o f  p i g  h u n t i n g  i n  t h e  P a r k ,  a n  a t t e m p t  w a s  
made t o  a s s e s s  i ts i m p a c t  o n  t h e  p o p u l a t i o n .  Of p a r t i c u l a r  i n t e r e s t  
were 1) t o  w h a t  e x t e n t  h u n t i n g  m i q h t  h a v e  r e d u c e d  p i g  n u m b e r s  a n d  
damaqe  t o  > ~ e g e t a t i o n  b e l o w  l e v e l s  e x p e c t e d  w i t h o u t  h u n t i n g ,  2 )  t h e  
c o s t  o f  m a n a q i n q  t h e  p r o g r a m ,  a n d  3) w h e t h e r  t h e  b e n e f i t s  d e r i v e d  
were q r e a t ~ r  t h a n  t .he  c o s t s  i n c u r r e d .  



METHODS 

M o n t h l y  d a t a  were a v a i l a b l e  f o r  e a c h  p i g  management  u n i t  f r o m  
November,  1 7 7 2  t o  t h e  p r e s e n t  e x c e p t  f o r  f i s c a l  y e a r s  1 9 7 7  a n d  
1 9 7 8 .  T h e s e  d a t a  w e r e  a p p a r e n t l y  d i s p o s e d  o f  b y  m i s t a k e ;  h o w e v e r ,  
P a r k - w i d e  s u m m a r i e s  w e r e  a v a i  l a b l e  f o r  t h i s  p e r i o d .  S i n c e  much 
o f  t h e  P a r k  w a s  c l o s e d  t o  D e p u t y  H a n g e r  h u n t i n g  a f  ter C h r i s t m a s  
1982, most a n a l y s e s  a r e  l i m i t e d  t o  t h e  p e r i o d s  November ,  1 9 7 2  t o  
J u n e ,  1977, a n d  J u l y ,  1979 t o  December ,  1982 .  

I n  J u l y ,  1 9 8 1 ,  t h e  s y s t e m  o f  p i g  management  u n i t s  w a s  m o d i f i e d  
I F i q u r e s  2 , 3 ! .  A 1  1 d a t a  w e r e  a n a l  y s e d  o n  t h e  b a s i s  o f  t h e  c u r r e n t  
s c h e m e .  The  t o t a l  l a n d  a r e a  a n d  t h e  area o f  p i g  h a b i t a t  w e r e  
d e t e r m i n e d  f o r  e a c h  u n i t  b y  p l a n i m e t e r  f r o m  maps  i n  P a r k  f i l e s .  
T h e  p e r c e n t a g e  o f  e a c h  u n i t  w i t h i n  5 0 0 m  o f  a r o a d  o r  major t r a i l  
w a s  a l s o  d e t e r m i n e d  b y  p l a n i m e t e r .  T h i s  z o n e  w a s  c o n s i d e r e d  r e a d i  l y  
a c c e s s i b l e  t o  d e p u t y  r a n g e r s  b a s e d  o n  t h e  r e s u l t s  o f  e x t e n s i v e  
s u r v e y s  o f  t h e  d i s t r i b u t i o n  o f  p i g  s i g n  r e l a t i v e  t o  r o a d s  a n d  t r a i l s  
i n  h u n t e d  a n d  u n h u n t e d  p o r t i o n s  o f  H a w a i i  (U.S. F i s h  a n d  W i l d l i f e  
S e r v i c e ,  u n p u b l i s h e d  d a t a )  . 
T h e  e c o l o g i c a l  c a r r y i n g  c a p a c i t y ,  o r  u n h u n t e d  e q u i  1 i b r i u m  
d e n s i t y ,  f o r  p i g s  w a s  e s t i m a t e d  f o r  e a c h  u n i t  o n  t h e  b a s i s  o f  
v e q e t a t i  on  maps  (Muel ler -Domboi  s a n d  F o s b e r g ,  1 3 7 4 )  a n d  estimates 
o f  p i g  d e n s i t y  b y  v e g e t a t i o n  t y p e  f o r  u n h u n t e d  p o p u l a t i o n s  
p r o v i d e d  by  G i f f i n  (1972:61-77). G i f f i n "  estimates w e r e  
o b t a i n e d  f r o m  l i n e  t r a n s e c t  c e n s u s e s  c a r r i e d  o u t  i n  many l o c a t i o n s  
a r o u n d  t h e  i s l a n d  o f  H a w a i i .  W h i l e  b o t h  t h e  v e g e t a t i o n  
t y p e  maps a n d  t h e  d e n s i t y  estimates a r e  c r u d e ,  t h e y  are t h e  b e s t  
p r e s e n t l y  a v a i l a b l e .  W e  e m p h a s i z e ,  o u r  c a r r y i n g  c a p a c i t y  f i g u r e s  
are o u r  b e s t  est imates f o r  t h e  a v e r a g e  number  o f  p i g s  o v e r  six 
m o n t h s  o f  a g e  t h a t  a p i g  management  u n i t  c o u l d  s u p p o r t  o v e r  t h e  
l o n e  t e r m  w i t h o u t  human d i s t u r b a n c e ;  t h e y  d o  n o t  r e p r e s e n t  t h e  
n ~ m b e r  o f  p i g s  p r e s e n t l y  e x i s t i n g  i n  t h e  u n i t s ,  n o r  t h e  d e s i r a b l e  
number .  

R e g r e s s i  on  anal .  y s i  s w a s  u s e d  t o  d e r i v e  p r e d i c t i v e  f  u n c t  i o n s  f o r  
t h e  rel a t i o n s h i p  b e t w e e n  p e r c e n t  h a r v e s t  a n d  p e r c e n t  accessi b i  1 i t y  
+ o r  .the 1 1  management  u n i t s  a n d  f o r  t h e  r e l a t i o n s h i p  b e t w e e n  
h u n t i n q  e f f o r t  a n d  p i g  d e n s i t y .  N a t u r a l  l o g a r i t h m i c  
t r a n s f o r m a t i o n s  w e r e  u s e d  a s  n e c e s s a r y  t o  i m p r o v e  t h e  + i t  of  t h e  
1  i n e a r  l e a s t  s q u a r e s  f u n c t i o n s .  

W e  a t t e m p t e d  t o  c o r r e l a t e  t h e  mean m o n t h l y  p i g  k i  1 1  p e r  h u n t i n q  
p a r t y  ( o u r  b e s t  i n d e x  o f  p i s  d e n s i t y )  w i t h  t h e  m o n t h l y  
p r e c : i . p i t a t i o n  r e c o r d s  f r o m  P a r k  h e a d q u a r t e r s  a n d  f r o m  K a l a p a n a  
w e a t h e r  s t a t i o n s .  R a i n f a l l  a n d  p i g  i n d e x  d a t a  w e r e  s u m m a r i z e d  
f o r  3-, 6-, a n d  12-month p e r i o d s  a s  w e l l  a s  m o n t h l y ,  a n d  e a c h  
d a t a  set wa!s a n a l v s e d  b y  c o r r e l a t i n q  p i g  a b u n d a n c e  w i t h  r a i n f a l l  
o c c u r - r i n u  z e r o  t o  s e v e r a l  y e a r s  p r e v i o u s 1  y.  W e  h y p o t h e s i z e d  t h a t  
p e r i o d s  o f  l a w  r a i n f  a 1  1  m i g h t  lower p i g  s u r v i v a l  a n d  c o n s e q u e n t l y  
t h e  s u c c e s s  o f  h u n t i n g  e f f o r t s .  T h e r e  a r e  l i k e l y  n o  i m p o r t a n t  

.- ! s o u r c e s  of: p i g  m o r t a l i t y  i n  t h e  P a r k  o t h e r  t h a n  s t a r v a t i o n  a n d  
h u n t i n q  ( l e q a l  a n d  i I . l e g a 1 ) .  I n  ver-y d r y  p e r i o d s  y o u n g e r  p i g s  



may succumb t o  d e h y d r a t i o n  i n  some h a b i t a t s ,  b u t  o l d e r  p i g s  are 
l i l : : e l y  t o  d i s p e r s e  t o  more  mesic h a b i t a t s  i n  d r y  p e r i o d s .  

A l l  d a t a  w e r e  c o m p i l e d  i n  c o m p u t e r  f i l e s  on d i s k e t t e s  f o r  e a s y  
s t o r a g e  and  a n a l y s i s  (Append ix  A ) .  The  d a t a  b a s e  management  
s o f t w a r e  u s e d  w a s  V IS IF ILE  f o r  t h e  IBM-PC (Ewing ,  1 9 8 Z a ) .  
S t a t i s t i c a l  s u m m a r i e s  a n d  g r a p h i c a l  p r e s e n t a t i o n s  w e r e  
a c c o m p l i s h e d  w i t h  VISITREND a n d  VISIPLOT ( E w i n g ,  1 9 8 2 b )  wh ich  a re  
c o m p a t a b l e  w i t h  VIS IF ILE  v i a  t h e  DIF f o r m a t  ( K a l i s h  a n d  Mayer ,  
1981  1.  

A f e r a l  p i g  p o p u l a t i o n  m o d e l i n g  t e m p l a t e  ( A p p e n d i x  B) w a s  
c o n s t r u c t e d  f o r  VISICALC ( W o l v e r t o n ,  l 9 8 i ) ,  b a s e d  on  n a t a l i t y  a n d  
m o r t a l i t y  s c h e d u l e s  d e r i v e d  f r o m  s t u d i e s  o f  f e r a l  p i g s  i n  
Ca l  i + o r n i a  a n d  A u s t r a l  i a  (HHB u n p u b l i s h e d  d a t a ) .  T h i s  model 
a c c e p t s  ir if  o r m a t i o n  o n  e s t i m a t e d  c a r r y i n g  c a p a c i t y ,  i n i  t i  a 1  
p o p u l a t i o n  s t r u c t u r e  and  6-month h a r v e s t s ,  t h u s  a 1  l o w i n g  o n e  t o  
p r o J e c t  t h e  p a t t e r n  o f  p o p u l a t i o n  c h a n g e  o v e r  t i m e  g i v e n  a I::nown 
h a r v e s t  p a t t e r n .  W e  b e 1  i e v e  t h a t  a s s u m i n g  a c o n s t a n t  c a r r y i n g  - 
c a p a c i t y  is r e a s o n a b l e  f o r  t h e  Par\:: e n v i r o n m e n t .  M o d e l s  w e r e  
c a n s t r u c t e d  f o r  t h r e e  p i g  management  u n i t s  w i t h  d i v e r g e n t  h a r v e s t  
h i s t o r i e s  t o  i 1  l u s t r a t e  t h e  p r o b a b l e  i m p a c t  o f  h u n t i n g  
on p i g  numbers .  A l s o ,  t h e  model is u s e d  i n  a d i s c u s s i o n  
o f  t h e  g e n e r a l  p r i n c i p l e s  o f  h a r v e s t i n g  a f e r a l  p i g  p o p u l a t i o n  
w h e t h e r  t h e  g o a l  is a maximum s u s t a i n e d  y i e l d  or a n i m a l  damage  
c o n t r o l  ( T i s d e l l ,  i982:366).. 

An a t t e m p t  a t  a c o s t - b e n e f  i t  a n a l y s i s  ( M i s h a n .  1 9 7 6 )  w a s  made 
u s i n g  t h e  b e s t  est imates a v a i l a b l e .  A l l  v a l u e s  a re  i n  1 9 8 3  
d o l l a r s .  An a n a l y s i s  o f  t h e  r e l a t i v e  c o s t s  o f  v a r i o u s  
a l t e r n a t i v e  c o n t r o l  m e t h o d s  w a s  b eyond  t h e  s c o p e  o f  t h i s  r e p o r t .  

RESULTS 

The 11 p i g  management  u n i t s  s u b d i v i d e  t h e  e n t i r e  P a r k  i n t o  a r eas  
of 1332  t o  4155ha .  U n i t  b o u n d a r i e s  are  a l o n q  f e n c e s ?  r o a d s  o r  
n a t u r a l  f e a t u r e s  ( F i g u r e  3). 'The p r o p o r t i o n  o f  e a c h  u n i t  c o n s i d e r e d  
s u i t a b l e  p i g  h a b i t a t  v a r i e s  f r o m  16 t o  100 p e r c e n t ,  t h e  a v e r a g e  f o r  
t h e  P a r k  a s  a w h o l e  b e i n g  25 p e r c e n t .  T h e s e  p e r c e n t a g e s  may b e  
o v e r e s t i m a t e s  a s  r e c u r r i n g  v o l c a n i c  a c t i v i t y  p e r i o d i c a l  l y  r e d u c e s  
t h e  amount  o f  p i g  h a b i t a t .  A s i g n i f i c a n t  p o r t i o n  o f  U n i t  7 w a s  
c o v e r e d  hy new l a v a  i n  1983.  A c c e s s i b i l i t y  w i t h i n  t h e  u n i t s  r a n g e s  
f r o m  5 t o  9 9  p e r c e n t .  a n d  a v e r a g e s  1 5  p e r c e n t  f o r  t h e  e n t i r e  P a r k  
( T a b l e  1 ) .  

F i v e  h r o a d  h a b i t a t  t y p e s  b a s e d  on v e g e t a t i v e  c o v e r  w e r e  r e c o g n i z e d  
i n  t h e  p r o c e s s  o f  e s t i m a t i n g  t h e  c a r r y i n g  c a p a c i t y  of  e a c h  u n i t  
, f o r  a d u l t  ! c j + m o )  p i g s :  1 )  s u b - a l p i n e  ( 2  p i g s / k m 2 ) ,  2 )  s u b m o n t a n e  
s e a s o n a l  s c r h  (5  piqs/l.:rnZ) 3) o h i a - u l u h e  f o r e s t  i 1 0  p i g s / k m 2 ) ,  
4:) m o n t a n e  s e a s o n a l  f o r e s t  ( 20  p i q s / k m 2 )  ? a n d  5 )  o h i a - h a p u '  u 
+ o r e s t  i40 pigs i l . : :m2) .  The  e s t i m a t e d  c a r r y i n q  c a p a c i t i e s  f o r  t h e  
 ini it.; r a n g e d  f r o m  31::) t o  1 6 5 0  p i g s ;  t h e  F 'ark-wide es t imate  t o t a l e d  
4.560 p i g s .  Two t h i r d s  of  t h i s  t o t a l  i s  c a r r i e d  t y  u n l y  two  u n i t s :  
( 3 l a ' a  T r a c t  a n d  K a l a p a n a  ! T a b l e  1 ) .  



A summary o f  t h e  d a t a  d e r i v e d  f r o m  t h e  D e p u t y  R a n g e r  P r o g r a m  
( A p p e n d i x  C )  is p r o v i d e d  i n  T a b l e  2 .  The  i m p o r t a n t  p a t t e r n s  
e m e r g i n g  f r o m  t h e s e  d a t a  are: 1 )  n u m b e r s  o f  p i g s  h a r v e s t e d  p e r  
month  were r e l a t i v e l y  l o w  c o m p a r e d  w i t h  t h e  e s t i m a t e d  c a r r y i n g  
c a p a c i t i e s  o f  t h e  e l e v e n  management  u n i t s  (.::I t o  25 p e r c e n t  o f  
u n i t  c a r r y i n g  c a p a c i t y  a n d  3 p e r c e n t  P a r k  w i d e ) ;  2) h u n t i n g  
e f f o r t  i n  terms o f  g r o u p s  ( p a r t i e s )  p e r  month  a n d  t o t a l  
h u n t e r - d a y s  h a s  d e c l i n e d ;  5 )  i n  some u n i t s  t h e  p i g s  k i l l e d  p e r  
g r o u p  a n d  t h e  p e r c e n t a g e  o f  g r o u p s  s u c c e s s f u l  i n  k i  1 l i n g  a n y  p i g s  
( b o t h  i n d i c e s  o f  p i g  a b u n d a n c e )  i n c r e a s e d  o v e r  t h e  p e r i o d :  4)  
o n l y  o n e  u n i t  ( U n i t  11 - K i l a u e a  C r a t e r )  w a s  s u c c e s s f u l l y  c l e a r e d  
o f  p i g s ,  a l t h o u g h  a s e c o n d  ( U n i t  2 - K i p u k a  K i )  w a s  h u n t e d  
h e a v i l y  e n o u q h  t o  r e s u l t  i n  a s i g n i f i c a n t  r e d u c t i o n  i n  p i g  
d e n s i  t y  . 
An a n a l y s i s  o f  t h e  r e c o r d s  f o r  t h e  number  o f  b o a r s  v e r s u s  s o w s  
h a r v e s t e d  f o u n d  n o  c o n s i s t e n t  e v i d e n c e  f o r  h u n t e r s  s e l e c t i n g  o n e  
s e x  o v e r  a n o t h e r .  A l t h o u g h  n o  a c c u r a t e  r e c o r d s  o f  t h e  a g e s  o f  
p i g s  h a r v e s t e d  w e r e  k e p t ,  c o m m e n t s  o n  some r e c o r d s  a n d  
d i s c u s s i o n s  w i t h  h u n t e r s  l e a d  u s  t o  b e l i e v e  t h e r e  h a s  
b e e n  n o  s t r o n g  s e l e c t i o n  f o r  a g e ,  o t h e r  t h a n  t h a t  p i g l e t s  
less  t h a t  six m o n t h s  o l d  w e r e  g e n e r a l l y  n o t  t a k e n  by  h u n t e r s .  
Some p i g l e t s  are k i l l e d  b y  h u n t e r ' s  d o g s  b u t  g e n e r a l l y  n o t  
r e c o r d e d  i n  t h e  h a r v e s t  r e c o r d s .  T h u s ,  i t  a p p e a r s  t h a t  h u n t i n q  
w i t h  d o g s  i n  t h e  P a r k  is n o n s e l e c t i v e  f o r  s e x  or a g e  f o r  a d u l t  
(6+rno) p i g s .  Most D e p u t y  R a n g e r s  a re  p r i m a r i l y  i n t e r e s t e d  i n  
c ~ h t a i n i n g  meat a n d  t a k e  e v e r y  a d u l t  p i g  t h e y  c a n .  O c c a s i o n a l l y  
b o a r s  are  c a p t u r e d  a l i v e ,  c a s t r a t e d  a n d  r e l e a s e d  t o  b e  c a p t u r e d  
a g a i n  l a t e r  a s  b a r r o w s .  F o r  e x a m p l e ,  w e  t r a p p e d  a y e a r 1  i n g  
b a r r o w  i n  t h e  Pcthimau u n i t  t h a t  h a d  r e c e n t l y  b e e n  c a s t r a t e d  as 
t h e  i n c i s i o n s  w e r e  o n l y  p a r t l y  h e a l e d .  B a r r o w s  t e n d  t o  grow 
l a r g e r ,  c a r r y  more f a t  a n d  t a s t e  b e t t e r  t h a n  b o a r s  I E a r r P e t t ,  
1978) .  

I n  l o o k i n g  f o r  e x p l a n a t i o n s  f o r  t h e  p a t t e r n s  f o u n d  i n  t h e  d a t a  
( T a b l e  2 ,  Appendix  C) w e  f i r s t  c o n s i d e r e d  t h e  i n f l u e n c e  o f  t h e  

a c c e s s i b i l i t y  o f  p i g s  o n  h u n t e r  i n t e r e s t  a n d  e f f o r t .  I t  is w e l l  
1,::nawn by  s p o r t s m e n  a n d  f i s h  a n d  w i l d l i f e  a q e n c i e s  t h a t  a s  h u n t e r s  
m u s t  h i k e ,  f a r t h e r  f r o m  access r o a d s  a n d  m a j o r  t r a i  1s. i n t e r e s t  a n d  
e f f c l l r t  f a l l  o f f .  D e s p i t e  t h e  u s e  of  d o g s  when h u n t i n g  p i g s ,  t h e  
s u r v e y  d a t a  g a t h e r e d  by t h e  U . S .  F i s h  a n d  W i l d l i f e  Service  a n d  
o u r  own o b s e r v a t i o n s  o f  p i g  s i g n  i n d i c a t e  t h a t  t h e  c j e n e r a l  
p a t t e r n  a l s o  h o l d s  f o r  D e p u t y  R a n q e r s  i n  H V N P .  

F u r t h e r  s u p p o r t  is p r o v i d e d  b y  a r e g r e s s i o n  o f  t h e  mean m o n t h l y  
k i l l .  a s  a p e r c e n t a g e  o f  t h e  e s t i m a t e d  c a r r y i n g  c a p a c i t y  f o r  e a c h  
u n i t  o n  t h e  p e r c e n t a g e  o f  t h e  u n i t  w i t h i n  5 0 0 m  o f  a r o a d  or m a j o r  
t r a i l  ( F i g u r e  4 ) .  N o t e  t h a t  f o r  U n i t s  2 a n d  11 t h e  p e r c e n t  
h a r v e s t  f i g u r e s  a r e  d e r i v e d  f r o m  t h e  m o d e l i n g  e f f o r t s  d e s c r i b e d  
i n  d e t a i l  b e l o w  r a t h e r  t h a n  t h e  u n m o d i f i e d  h a r v e s t  rates.  B e c a u s e  
o f  t h e  d y n a m i c s  o f  h a r v e s t e d  p o p u l a t i o n s  ( a  s m a l l  number  o f  p i g s  
r e m o v e d  c a n  r e p r e s e n t  e i t h e r  a v e r y  small or a v e r y  l a r g e  
p e r c e n t a q e  o f  t h e  p r e - h u n t  p o p u l a t i o n )  w e  b e 1  i e v e  t h e s e  m0di.f i e d  



v a l  u e s  a r e  more a c c u r a t e  t h a n  a s s u m i n g  t h e  p r e - h u n t  p o p ~ t l a t i  o n  
was  a t  t h e  c a r r y i n g  c a p a c i t y  f o r  t h e s e  u n i t s .  T h i s  i s s u e  w i l l  b e  
c o n s i d e r e d  f u r t h e r  i n  t h e  d i s c u s s i o n .  M o r e o v e r ,  u n i t s  2 a n d  11 
a r e  c r i t i c a l  a s  t h e  s i g n i f i c a n c e  o f  t h e  r e g r e s s i o n  d e p e n d s  i n  
l a r g e  p a r t  o n  t h e i r  v a l u e s .  The  r e g r e s s i o n  i n d i c a t e s  t h a t  
h u n t i n g  a s  e x e m p l i f i e d  b y  t h e  D e p u t y  R a n g e r .  p r o g r a m  i n  t h e  P a r k  
h a s  l i t t l e  i m p a c t  u n l e s s  n e a r l y  a l l  o f  a u n i t  is w i t h i n  5 0 U m  o f  a 
r o a d  or major t r a i l .  

Data f o r  t h e  e f f o r t  r e q u i r e d  t o  k i l l  a p i g  ( a s s u m i n g  t w o  man-days  
are  e q u i v a l e n t  t o  o n e  g r o u p - d a y )  w e r e  r e g r e s s e d  o n  t h e  e s t i m a t e d  
p i g  d e n s i t y  i n  e a c h  management  u n i t  f o r  t h e  p e r i o d s  1972-77 a n d  
1979-82. Data f o r  p e r i o d s  w i t h  v e r y  l o w  h u n t e r  u s e  w e r e  o m i t t e d ,  
1 . e av inq  16 d a t a  p o i n t s  f o r  t h e  a n a l y s i s .  W e  + o u n d  t h a t  t h e  k i l l  
p e r  g r o u p  w a s  n o t  i n f l u e n c e d  s i g n i f i c a n t l y  b y  t h e  number  o f  
h u n t e r s  i n  t h e  g r o u p .  S i n c e  a h u n t i n g  p a r t y  o f  t w o  w a s  t y p i c a l ,  
w e  a s sumed  o n e  g r o u p - d a y  w a s  e q u i v a l e n t  t o  t w o  man-days o f  
h u n t i n g  e f f o r t .  The  r e s u l t i n g  r e g r e s s i o n  ( u s i n g  n a t u r a l  
l o g a r i t h m i c  t r a n s f  o r m a t i o n s )  w a s  s i g n i f i c a n t ,  s u g g e s t i n g  t h a t  
h u n t i n g  s u c c e s s  is i n f l u e n c e d  by  t h e  d e n s i t y  of p i g s  ( F i g u r e  5). 

A series of  a t t e m p t s  t o  c o r r e l a t e  a n  i n d e x  o f  p i g  a b u n d a n c e  (mean 
number of  p i g s  k i l l e d  p e r  h u n t e r  g r o u p  p e r  g i v e n  t i m e  p e r i o d )  
w i t h  r a i n f a l l  up  tp t h r e e  y e a r s  p r i o r  t o  t h e  k i l l  p e r i o d  w e r e  a l l  
u n s u c c e s s f  u l  . The  b e s t  c o r r e l a t i o n  ( b u t  n o t  s t a t i s t i c a l  l y  
s i g n i f  i c a n t )  w a s  b e t w e e n  p i g  a b u n d a n c e  d a t a  f o r  U n i t  7, K a l a p a n a .  
c o m p i l e d  on  a 3-month b a s i s  a n d  r a i n f a l l  f o r  t h e  3-month s e a s o n  
t h r e e  y e a r s  p r i o r  ( F i g u r e s  6 , 7 ) .  T h u s ,  n o  s u p p o r t  c o u l d  b e  
n b t a i n e d  f r o m  t h e  a v a i l a b l e  d a t a  f o r  t h e  h y p o t h e s i s  t h a t  r e d i ~ c e d  
p r e c i p i t a t i o n  r e s u l t e d  i n  r e d u c e d  p i g  number s .  A p p a r e n t l y  
w e a t h e r  h a s  o n l y  m i n o r  e f f e c t s  on t h e  d y n a m i c s  o f  p i g  p o p u l a t i o n s  
i n  t h e  P a r k .  

T h r e e  u n i t s  were c h o s e n  f o r  more i n t e n s i v e  a n a l y s i s  u s i n g  
s i m u l a t i o n  m o d e l i n g .  U n i t  5. Puh imau ,  w a s  c h o s e n  a s  a n  e:,:ample 
a f  a l i q h t l y  h a r v e s t e d  u n i t ;  i t  is a l s o  t h e  s i t e  o f  o n g o i n q  
s t ~ . ~ d i e s  of  o t h e r  c o n t r o l  m e t h o d s .  U n i t  2, tc::ipuC:a K i ,  is an  
e x a m p l e  of  a  m o d e r a t e  t o  h e a v i l y  h a r v e s t e d  u n i t  wh ich  p r e s e n t l y  
h a s  a  r e d u c e d  p i g  p o p u l a t i o n .  U n i t  11, K i l a u e a  C r a t e r ,  is t h e  
l o n e  e x a m p l e  o f  a u n i t  i n  wh ich  h u n t i n q  ( c o m b i n e d  w i t h  f e n c i n u )  
h a s  s u c c e s s f u l l y  e l i m i n a t e d  a l l  p i g s .  I n  e a c h  e x a m p l e  t h e  
a p p r - o p r i a t e  c a r r y i n g  c a p a c i t y  a n d  r e c o r d e d  k i  11  f  i q u r e s  were 
e n t e r e d  i n t o  t h e  model (Append ix  E ) .  S i n c e  t h e  i n i t i a l  
p o p u l a t i o n  s t r u c t u r e  w a s  unknown i n  a l l  cases  i t  w a s  a s s u m e d  t h a t  
i t  would be a p p r o x i m a t e d  b y  t h e  s t a b l e  s t r u c t u r e  ( C a u g h l e y ,  
1977 :89 )  p r e d i c t e d  b y  t h e  model f o r  a p o p u l a t i o n  i n  wh ich  a d u l t s  
( h c m o n t h s  o f  a y e )  were h a r v e s t e d  w i t h o u t  s e l e c t i o n  f o r  s e x  or a g e  
a t  a  c a n s t a n t  ra te  e q u a l  t o  t h e  a v e r a g e  r e c o r d e d  k i l l  f o r  t h e  
e a r l y  1 9 7 0 ' s .  

%a"' 
F i g u r e  €3 p r e s e n t s  t h e  r e s u l t s  of  t h e  Puhimau  s i m u l a t i o n  i n  w h i c h  
t h e  5 t a r t : i n q  p o p u l a t i o n  s t r u c t u r e  w a s  t h a t  f o r  a 5 p e r c e n t  
h a r v e s t  .from an  a r e a  w i t h  a c a r r y i n g  c a p a c i t y  of  220 a d u l t s .  The  
s t a b l e  !pr t . -Proqramj  p o p u l a t i o n  w a s  h e l d  a t  '79.5 p e r c e n t  o f  



c a r r y i n g  capac i t y  by a  ha r ves t  o f  10 a d u l t s  every s i x  months. 
Beqinning i n  t h e  second h a l f  o f  1972 t h e  s imu la ted  ha rves t s  were 
t h e  6-month t o t a l s  a c t u a l l y  recorded; they  a l s o  had l i t t l e  impact 
on a d u l t  p i g  dens i t y .  Note t h a t  t h e  area o f  t h e  graph l abe led  
"PIGLETS" rep resen ts  t h e  t o t a l  number o f  p i g l e t s  far rowed per  s i x  
month season and n o t  t h e  number a1 i v e  a t  any i n s t a n t  as p i g l e t  
m o r t a l i t y  i s  very  h i g h  even under good cond i t i ons .  Beginning i n  
1983, f o u r  l e v e l s  o f  p i g  removal were simulated: 2 ,  40, 80, and 
120 a d u l t s  removed per season. The f i r s t  two l e v e l s  r e s u l t  i n  
s t a b l e  popu la t i ons  o n l y  s l i g h t l y  lower than a t  p resen t  w h i l e  t h e  
o t h e r  two a1 t e r n a t i  ves r e s u l t  i n  e x t i n c t i o n  appro,: i m a t e l y  5 and 3 
years  a f t e r  commencement, r espec t i ve1  y. The i m p l i c a t i o n s  o f  these 
r e s u l t s  w i  11 be e labora ted  on 1 a te r .  

F i q u r e  9 presents  t h e  r e s u l t s  o f  t h e  Kipuka k::i s i m u l a t i o n  i n  
which t h e  s t a r t i n g  p o p u l a t i o n  s t r u c t u r e  was t h a t  f o r  a  1  percent  
ha rves t  f rom an area w i t h  a c a r r y i n g  capac i t y  o f  80 adu l t s .  
S ince t h e r e  i s  a  p i g  fence ,just west o f  t h e  boundary o f  K i l auea  
and I.:::ipul.:a K i  u n i t s ,  f o r  t h i s  a n a l y s i s  we considered t h e  fence 
as t h e  u n i t  boundary. Hence, Kipuka K i  i t s e l f ,  w i t h  an es t imated 
c a r r y i n q  capac i t y  o f  10 a d u l t  p i g s  was s h i f t e d  t o  t h e  K i l auea  
Cra te r  Un i t ,  l eav i ng  80 r a t h e r  than 90 as t h e  c a r r y i n g  capac i t y  
f o r  t h e  Kipuka K i  U n i t .  I t  does appear t h a t  p i g s  have been 
e rad ica ted  from Kipuka K i  eas t  o f  t h e  fence, t hus  we b e l i e v e  i t  i s  
approp r ia te  t o  model. i t  w i t h  t h e  K i l auea  U n i t .  

The s t a b l e  (pre-F'rogram) popu la t i on  o f  t h e  Kipuka t:::i U n i t  was h e l d  
a t  99 percent  o f  c a r r y i n g  c a p a c i t y  by a  harves t  o f  1 a d u l t  every s i x  
inonths. A 1  percent  ha rves t  was a r r i v e d  a t  th rough m u l t i p l e  
simc.tlation runs. The recnrded k i l l  was moderately h i g h  bu t  q u i t e  
va r i ab l e .  We knew t h a t  t h e  popu la t i on  had n o t  been exterminated 
and t h e r e  was minimal immig ra t ion  as t h e  area was fenced f o r  p i gs .  
The s i  mu1 a t i  on anal  y s i  5 showed t h a t  a  s t a b l e  p o p u l a t i o n  harvested 
a t  2 percent  o r  g rea te r ,  and subsequent ly sub jec ted  t o  t he  known 
k i l l .  reco rd  (1972-821, would go e x t i n c t  be fa re  1980. Therefore we 
used a  1. percent  ha rves t  f i g u r e  as t h e  h ighes t  t h a t  cau ld  be 
supparted and s t . i l 1  be cons i s t en t  w i t h  t h e  a v a i l a b l e  data. The 
r e s u l t s  i n  F i gu re  9  suqgest t h a t  t h e  a d u l t  p o p u l a t i o n  i n  U n i t  2 
was abuut 12 percent  o f  c a r r y i n g  capac i t y  o r  10 animals i n  
January, 1983. The average ha rves t  r a t e  represented by t h e  
recorded k i l l ,  as p r e d i c t e d  by t h e  s i m u l a t i o n  i n  F i g u r e  7 was 
about 57 percent .  

F i q u r e  10 presents  t h e  r e s u l t s  o f  t h e  K i l auea  Cra te r  s i m u l a t i o n  i n  
which t h e  s t a r t i n g  popu la t i on  s t r u c t u r e  was t h a t  f o r  a 57 percent  
har-vest ,from an area w i t h  a  c a r r y i n g  capac i t y  o f  130 adu l t s .  The 
s t a b l e  !pre-Program) p a p u l a t i u n  was he ld  a t  11 pe rcen t  of  
car- ry ing capac i t y  by a  ha rves t  o f  8 a d u l t s  every s i x  months. A 
57 percent  harves t  was a r r i v e d  a t  through mu1 t i p l e  s i m u l a t i o n  
r The recorded C : : i  1 l was low r e 1  a t i v e  t o  c a r r y i n g  capac i t y  
i 2  percent !  bu t  the  popu la t i on  was exterminated i n  1980 
never-theless. The on l y  wax/ i n  which t h e  recorded \::ill could  have 
acromp:l. j.shed t h i s ,  asstming t.he remain ing parameters i n  t he  model 
a re  accura te ,  waul d have been f o r  t h e  beg inn ing  s tab1 e  popu la t i on  



s t r u c t u r e  t o  be t h e  r e s u l t  of a  s t a b l e  harves t  o f  a t  l e a s t  57 
percent .  As f o r  U n i t  2, t h i s  pre-Program harves t  r a t e  was t h a t  
used i n  t h e  r eg ress i on  a n a l y s i s  o f  F i gu re  4 ( r a t h e r  than t h e  
r a t i o  o f  t h e  averaqe k i l l  t o  est imated c a r r y i n g  capaci ty--a much 
smal l  e r  percentage) .  

The cos t  (1983 d o l l a r s )  t o  t h e  Park:: o f  managing t h e  Deputy Ranger 
Program i s  es t imated t o  average about $490 per  month, p r i m a r i l y  
f o r  l abo r  (Table 3 ) .  Al though no a d d i t i o n a l  permanent s t a f f  were 
requ i red ,  t h e  t i m e  spent by present  s t a f f  t o  admin is te r  t h e  
program should he considered, as i t  cou ld  e a s i l y  be d i v e r t e d  t o  
o the r  p ress ing  problems. The b e n e f i t s  t o  t h e  Barb: a r e  much more 
d i f f i c u l t  t.0 eva lua te  a l though i t  i s  u n i v e r s a l l y  agreed t h a t  any 
r e d u c t i o n  i n  damage t o  n a t i v e  vege ta t i on  and fauna i n  t h e  Park 
has def i n i  t e  value. Ex tens ive  r o o t i n g  decreases t h e  a e s t h e t i c  
enjoyment o f  Park v i s i t o r s  i n  a d d i t i o n  t o  d i s r u p t i n g  p r i s t i n e  
p a t t e r n s  o f  community succession and even o rgan ic  evo lu t i on .  Any 
d o l l a r  va lue  app l i ed  t o  these b e n e f i t s  would n e c e s s a r i l y  be 
a r b i t r a r y .  Nevertheless, t.0 s t i m u l a t e  d iscuss ion ,  we considered 
that. i f  t h e  mant.hly removal o f  20 a d u l t  p i g s  r e s u l t s  i n  sav ing  18 
ha f rom depredat ion (assuming a  p i g  r o o t s  29m2 per  day and 
recovery  r e q u i r e s  12 months), and i f  a  hec ta re  o f  p r i s t i n e  l and  
nearby cou ld  be preserved w i t h  a  conserva t ion  easement f o r  $30 per 
month, one cou ld  argue t h a t  a  minimum va lue  f o r  t h i s  l e v e l  o f  p i g  
removal would be $540 per  month. 

Giveh t he  d i f f i c u l t y  o f  d e r i v i n g  an app rop r i a t e  d o l l a r  va lue  f o r  
n a t u r a l  ecosystem processes, perhaps a l l  one can say i s  t h a t  
s i g n i f i c a n t  r e d u c t i o n  i n  p i g  damage due t o  t h e  Deputy Ranqer 
Program has been 1  i m i  t e d  t o  about one percent  o f  t h e  Park, 
i n c l ud i ng :  1) e l i m i n a t i o n  o f  damage t o  t h e  K i l auea  Cra te r  U n i t ,  
2 )  a  s u b s t a n t i a l  r e d u c t i o n  o f  damage i n  t h e  Kipuka t:::i U n i t ,  and 
3 i  some reduc t i on  i n  damage a long roads and major t r a i l s  i n  t h e  
remai n i nq  areas. Ove ra l l ,  t h i s  leaves  some 22, '.:)r:)Oha o r  r ough l y  
25 percent  o f  t h e  e n t i r e  Park unpro tec ted  f rom p i g  depredat ion.  

The r e l a t i o n s h i p  between p i g  d e n s i t y  and area o f  unders to ry  
destrclyed b r  r o o t i n g  per  6- and 12-month p e r i o d  i n  t h e  ohia-hapu'n 
f a r e s t  h a b i t a t  i s  i l l u s t r a t e d  i n  F i g u r e  11, which i s  based on 
da ta  from (~ocsray and Muller-Dombois (1981) and our own 
n b ~ e r - v a t  i n n ~  i n  t h e  Part.::. Unharvested p i  g  popul a t i  ons i n  t h i s  
h a b i t a t  a rc  present.1.y des t r oy i ng  t h e  unders to ry  vege ta t i on  on an 
es t imated 18 ha per l::m2 per- 6-month season. 

The cos t  ta t h e  Deputy Hangers f o r  an average o f  25 t r i p s  per  
month (Appendix C), assuming t h e  average cos t  o f  v e h i c l e  mi lage, 
upk::eep o f  hun t ing  doqs, and ammunition etc .  was $25 per  t r i p ?  i s  
es t imated a t  $625 per  month. Th i s  cos t  i s  f a r  outweighed by t h e  
b e n e f i t s  de r i ved  i f  one assumes t h e  va lue  o f  a  day 's  hun t ing  
r -ecreat :~cm i !~ $10 and t h e  va lue  of a l,::i logram a f  dressed pork i s  
93 !current.  market va lue  in .  H i l o ) .  Given t h a t  t h e  reco rds  show an 
averaqe a f  h0 hunter-days per  month and an average I k i l l  n f  20 
p i q s  iaverag i  ng 27I::q dressed we ight )  per month t h e  benef i t s  
i je r - lved Dv .the hunter-5 t o t a l  32221:) per month. The r a t i o  o f  



b e n e f i t s  t o  c o s t s  b o r n e  b y  t h e  D e p u t y  R a n g e r s  is t h u s  o v e r  t h r e e  
t o  o n e .  Note t h a t  t h i s  r a t i o  is n o t  t h e  a p p r o p r i a t e  o n e  f o r  
d e c i s i o n s  b y  t h e  P a r k ,  w h i c h  s h o u l d  t a k e  i n t o  a c c o u n t  a l l  social  
c o s t s  a n d  b e n e f i t s .  U n f o r t u n a t e l y ,  w e  know o f  n o  s a t i s f a c t o r y  
way t o  p l a c e  a  d o l l a r  v a l u e  t h e  l o s s  o f  P a r k  r e s o u r c e s  t o  p i g  
r o o t i n g .  

DISCUSSION AND CONCLUSIONS 

U n f o r t u n a t e l y ,  l i t t l e  c a n  b e  s a i d  a b o u t  t h e  a c c u r a c y  o f  t h e  d a t a  
b a s e  w e  h a d  t o  w o r k  w i t h .  I t  is p r o b a b l e  t h a t  a l l  f i g u r e s  are 
u n d e r e s t i m a t e s  d u e  t o  h u n t e r s  f a i l i n g  t o  s i g n  i n  or o u t .  
H e c e n t l y ,  i t  is l i k e l y  t h a t  some " h u n t e r s "  h a v e  s p e n t  more t i m e  
t e n d i n g  p l a n t i n g 5  o f  m a r a j u a n a  t h a n  p i g  h u n t i n g ,  t h u s  i n f  l a t i n g  
estimates o f  e f f o r t  r e q u i r e d  t o  b a g  a p i g .  W e  b e l i e v e  w e  c a n  see 
s h i f t s .  i n  t r e n d s  i n  t h e  d a t a  a t  t h e  t i m e  o f  c h a n g e s  i n  r e s o u r c e  
m a n a g e r s  w h i c h  c o u l d  b e  a r e s u l t  o f  m i n o r  c h a n g e s  i n  p r o t o c o l s  f o r  
g a t h e r i n g  or s u m m a r i z i n g  d a t a .  I n  o n e  case (19801 a major 
i n c o n s i s t a n c y  i n  t h e  d a t a  is e v i d e n t .  T h i s  is t h e  r e s u l t  o f  a 
t e n d e n c y  t o  d i s c a r d  r e c o r d s  o f  ~ t n s u c c e s s f  u l  g r o u p s  w h i c h  w a s  
r e c t i f i e d  i n  1781 .  I - a s t l y ,  w e  n o t e  t h a t  p e r i o d i c  h u n t i n g  c l o s u r e s  
d u e  t o  e r u p t i o n s ,  f i r e s ,  n e n e  b r e e d i n g  a n d  s imi l a r  c o n f l i c t s  
I-mdoctbtedl  y c o n t r i b u t e  t o  \ / a r i a t i o n  i n  h u n t i n q  e f f o r t  i n  some 
IJnitc, .  D e t a i  1 s  o f  t h e s e  c l o s u r e s  were n o t  r e c o r d e d .  . 

D e s p i t e  t h e  f a c t  t h a t  t h e r e  is a t w o - y e a r  g a p  i n  t h e  r e c o r d s  f o r  
t h e  D e p u t y  R a n g e r  P r o g r a m ,  a n d  t h a t  t h e  a c c u r a c y  o f  t h e  a v a i l a b l e  
d a t a  is q u e s t i o n a b l e ,  a number  o f  b i o l o g i c a l l y  r e a s o n a b l e  
p a t t . e r n s  c a n  b e  d e t e c t e d .  W e  p r e s e n t  t h e s e  ( a f t e r  t e n  y e a r s  o f  
t h e  P o g r a m )  i n  t h e  h o p e s  t h a t  t h e y  w i l l  a s s i s t  t h e  P a r k  i n  i ts  
c n n t . i n u i n g  e f f n r t  t o  m i n i m i z e  t h e  i m p a c t  o f  f e r a l  p i g s  on  t h e  
f l o r a  a n d  f a u n a  o f  a n  I n t e r n a t i o n a l  B i o s p h e r e  R e s e r v e .  

Hawai i  V o l c a n o e s .  N a t i o n a l  P a r k  st i l l  h a s  a major p i g  d e p r e d a t i o n  
p r o b l e m ,  a s  a p p r o x i m a t e l y  25 p e r c e n t  o f  t h e  area ( 2 2 , 0 0 0 h a )  
~ ~ . ~ p p o r t s  p i g s  a t  or n e a r  e c o l o g i c a l  c a r r y i n q  c a p a c i t y .  P i g s  a t  
t j e n ~ j i t i e s  o f  a b o u t  4 0  p e r  k m 2  ( t h e  c a r r y i n g  c a p a c i t y  f o r  p i g s  i n  
obi a -hapu '  u f o r e s t  c o m p r i s i n g  3 4  p e r c e n t  o f  t h e  t o t a l  h a b i t a t  1 
d e s t r o y  t h e  u n d e r s t o r y  p l a n t  c o v e r  on  a b o u t  50 p e r c e n t  o f  
t h e  r o o t a b l e  g r o u n d  s u r f a c e  a n n u a l l y  ( F i g u r e  1 1 1 ,  i n  a d d i t i o n  t o  
i n , j u r i n g  o r  C::ill i n g  s i g n i f i c a n t  n u m b e r s  o f  t ree  f e r n s  ( t h e  
p r i m a r y  s u b - c a n o p y ) ,  k o a  a n d  o t h e r  n a t i v e  s e e d 1  i n q s ,  a n d  
e n c o u r a g i n g  e x o t i c  p l a n t s  s u c h  a s  s t r a w b e r r y  g u a v a  a n d  b a n a n a  
pal.::a (Cotway  a n d  M u l l e r - D o m b o i s ,  1 9 8 1 ;  D i o n g ,  1983). The 
p a s i  t i v e  r e s p o n s e  o f  u n d e r s t o r y .  v e g e t a t i o n  t o  t h e  e x c l  u s i  a n  o f  
p i ~ s .  i n  s e v e r a l  s i t e s  a r o u n d  t h e  P a r k  c l e a r l y  d e m o n s t r a t e s  t h a t  
p i g s  a re  a t  l e a s t  r n a i n t a i n i n q  some communi t i  es  i n  d i s c 1  i m a x e s  
s u b = t a n t i a l  l y  d i f f e r e n t  f r o m  t h a t  e x p e c t e d  i n  a p r i s t i n e  
env~.  r n n m e n t  ~ : S p a t r  a n d  Iblul. 1  er-'Domboi s, 1 9 7 5 ;  H i  g a s h i  n o  a n d  S t o n e ,  
1982; S t . ane ,  unpub .  d a t a ) .  O n l y  t w o  p e r c e n t  o f  t h e  h a b i t a t  
s u i t a t r l e  f o r  p i g s  h a s  b e e n  fc . l l ly  p r o t e c t e d .  Even  t h i s  area,  t h e  
t:::i 1 a u e a  (;rat.er Uni t e n c o m p a s s i n g  t h e  P a r k  h e a d q u a r t e r s ,  is 
p r e s e r v e d  ori1.v h v  r e q u l . a r  m a i n t a n a n c e  o f  p i  g - p r o o f -  f e n c i n c j .  



It might s u r p r i s e  some t h a t  t h e  e l i m i n a t i o n  o f  over 230 p i g s  a  
year f o r  n e a r l y  a  decade has n o t  had a g rea te r  impact on t h e  
problem. There are  two reasons why hun t ing  has no t  
had more impact. F i r s t ,  t h e  tendency f o r  hun te rs  whose 
mo t i va t i on  i s  p r i m a r i  1  y r e c r e a t i o n  r a t h e r  than e r a d i c a t i o n  i s  t o  
s e l e c t  areas w i t h i n  easy walk ing d i s tance  of  veh i cu l a r  access 
p o i n t s  and w i t h  r e l a t i v e l y  h i g h  d e n s i t i e s  o f  p igs .  Therefore, 
p o r t i o n s  o f  t h e  ParC:: more than a  k i l omete r  f rom roads and major 
, t r a i l s  a re  e s s e n t i a l l y  unhunted (F igu re  12, based on F igu re  4 ) ,  
and as soon as hun t ing  reduces t h e  popu la t ion  o f  an access ib le  
area ve ry  much, hun te rs  l o s e  i n t e r e s t  and move t h e i r  e f f o r t  t o  
another,  more promis ing area (F i gu re  13, based on F i g u r e  5 ) .  T h i s  
tendency was ev ident  i n  t h e  monthly k i l l  records.  There were 
severa l  i ns tances  i n  which t h e  good success o f  a  group hun t ing  a  
u n i t  which had been unhunted f o r  a  t ime  was . fo l lowed by a  
d i s t i n c t  s h i f t  i n  e f f o r t  t o  t h a t  u n i t  from o the r  areas w i t h  lower 
success ra tes .  Th is  behavior coupled w i t h  a  r e l a t i v e l y  s t a t i c  
ponl  o f  l o c a l  hunters  . i n te res ted  i n  t h e  Deputy Ranger Program 
r e s u l t s  i n  a  r e l a t i v e l y  constant ,  evenly  dispersed, b u t  
inadequate c o n t r o l  e f f o r t  over t h e  access ib le  p o r t i o n s  o f  t h e  
Park. 

The second reason why t h e  Program has no t  had more impact i s  a  
f u n c t i o n  o f  t h e  dynamics o f  harvested f e r a l  p i g  popu la t ions .  P igs  
a re  t h e  most p r o l i f i c  ungu la te  on ear th ,  having an i n t r i n s i c  r a t e  
a f  popu la t i on  increase more 1  i ke a  rodent  than an ~cngul a t e  
( B a r r e t t ,  1978: Pond and Houpt, 1978). A sow f i r s t  produces a 
l i t t e r  o f  f o u r  t o  e i g h t  young a t  about a  year o f  age and 
cont inues t o  fa r row inc reas ing1  y  l a r g e  1  i t t e r s  approximate ly  
every s i x  months f o r  t h e  r e s t  of her l i f e  ( f o u r  t o  seven years 
i n  an unharvested popu la t i on ) .  Moreover, i n  t h e  Hawaiian 
environmentp e ~ p e c i a l l y  i n  ohia-hapu'i-t r a i n f o r e s t ,  t h e  on l y  
s i g n i f i c a n t  morta l  i t y  f a c t o r  o the r  than hun t ing  i s  m a l n u t r i t i o n  
( G i f  f i n ,  19725 Baker, 1976; Diong, 1783). 

"rc! p rov ide  a concrete i 1 l u s t r a t i o n  o f  t h e  p r a c t i c a l  s i g n i f i c a n c e  
o f  t h e  p i g ' s  h i gh  rep roduc t i ve  p o t e n t i a l  we have modeled t h e  
gr(~w. th of a hypo the t i ca l  p i g  popu la t i on  stemming from t h e  
i n t r o d u c t i o n  o f  a one-year-old, pregnant sow i n t o  t h e  4135ha (31a7a 
T rac t  assuming i t  had been fenced and c lea red  of  p i 4 5  !F igure  14 ) .  
The popu la t ion  grows t o  l e s s  than 300 animals i n  t h e  f i r s t  f o u r  
years; however, i n  t h e  next  f o u r  years i t  reaches arid w e n  
overshoots t h e  est imated c a r r y i n g  capac i t y  of  1650. Thus, an 
i l l e g a l  i n t r o d u c t i o n  might go undetected f o r  severa l  years and 
"explode" on l y  a  few years l a t e r .  One way tc, desc r ibe  t he  growth 
of a  newly es tab l i shed  . fe ra l  p i p  popu la t i on  i n  good h a b i t a t  i s  t o  
no te  t.hat i t  can d o ~ t b l e  every f o u r  months i f  n o t  hunted. 

The same model (Appendix B) used f o r  t h e  above i l l u s t r a t i o n  can be 
used t n  i l l u s t r a t e  t.he response of t.he p i g  populaticsn i n  t h e  
F'uhimau U n i t  t o  a various i n t e n s i t i e s  of huntj.ng. T y p i c a l l y ,  such 
mcdels are  repre.;ented g raph ica l  l y  i n  t h e  .form oaf " y i e l d  curves" ,  
repr-esent ing t he  abso lu te  number (F igu re  15) !, o r  t h e  r e l a t . i v e  
number o f  ind iv idua l .  s  !F igure  16) t h a t  can be harvested 



p e r i o d i c a l  1  y  ( e v e r y  6-month s e a s o n  i n  t h i s  case)  w i t h o u t  c h a n g i n g  
t h e  " s t a n d i n g  c r o p "  a t  t h e  b e g i n n i n g  (or t h e  e n d )  o f  t h e  n e x t  
p e r i o d .  Thus ,  f o r  e x a m p l e ,  a " s u s t a i n e d  y i e l d "  o f  1 2  a d u l t  
ib+rnn) p i g s  c o u l d  b e  h a r v e s t e d  f r o m  a s t a n d i n g  c r o p  o f  2 2 1  a d u l t s  
l e a v i n g  a p a r - t - h u n t  p o p u l a t i o n  o f  209 (a  5 p e r c e n t  h a r v e s t  r a t e ) .  
A l t e r n a t i v e l y ,  a s u s t a i n e d  y i e l d  of  12 a d u l t s  c o u l d  b e  h a r v e s t e d  
f r o m  a s t a n d i n g  c r o p  o f  21 l e a v i n g  a p o s t - h u n t  p o p u l a t i o n  o f  9 ( a  
57.5 p e r c e n t  h a r v e s t  r a t e ) .  I n  b o t h  cases t h e  p o s t - h u n t  
p o p u l a t i o n s  would  g r o w  t o  t h e  p r e - h u n t  s t a n d i n g  c r o p  a g a i n  by  t h e  
n e x t  &-month s e a s o n .  Of c o u r s e  t h e  f i g u r e s  p r e s e n t e d  h e r e  s h o u l d  
n o t  b e  t a k e n  too  l i t e r a l l y  a s  t h e y  a re  b a s e d  on r a t h e r  c r u d e  
est imates of  c a r r y i n q  c a p a c i t y ,  p l u s  v a r i o u s  a s s u m p t i  o n s  a b o u t  
n a t a l i t y ,  n a t u r a l  m o r t a l i t y  a n d  l ack  o f  s e l e c t i o n  f o r  c e r t a i n  a g e  
c lasses  by  h u n t e r s .  N e v e r t h e l e s s ,  t h e y  a re  t h e  b e s t  e s t imates  
a v a i  1  a b l e  a n d  w e  b e 1  i e v e  t h e y  are  r e a s o n a b l y  a c c u r a t e .  

I n  t h e  p r e s e n t  c o n t e x t  F i g u r e  1 7  may b e  a more u s e f u l  v i e w  of  t h e  
same i n f o r m a t i o n .  . I t  i n d i c a t e s  t h e  number  o f  a d u l t  p i g s  t h a t  
mus t  b e  h a r v e s t e d  t o  m a i n t a i n  a g i v e n  p o s t - h a r v e s t  d e n s i t y  i n  t h e  
Puh imau  \ J n i t .  F o r  e x a m p l e ,  t o  m a i n t a i n  a p o s t - h a r v e s t  d e n s i t y  o f  
n i n e  a d u l t s  p e r  s q u a r e  1::ilometer ( h a l f  t h e  d e n s i t y  a t  c a r r y i n g  
c a p a c i t y )  would r e q u i r e  a r e g u l a r  h a r v e s t  o f  55 p i g s  (34 p e r c e n t  
a+ t h e  p r e - h a r v e s t  a d u l t s )  e v e r y  s i x  mon ths .  Notice t h a t  t h e  
maximum s u s t a i n e d  y i e l d  ( M S Y )  f o r  t h i s  p o p u l a t i o n  is p r e d i c t e d  t o  
b e  57 (36 p e r c e n t  o f  t h e  p r e - h a r v e s t  a d u l t s )  e v e r y  six mon ths .  
MSY is o f t e n  a management  g o a l  f o r  t h o s e  i n t e r e s t e d  i n  t h e  
p r n d c t c t i  on o f  meat or r e 1  a t e d  r e s o u r c e s .  

C e n s u s i n g  w i l d l i f e  is g e n e r a l l y  a  d i f f i c u l t  t a s k .  T r a d i t i o n a l l y ,  
w i l d l i f e  m a n a g e r s  h a v e  a t t e m p t e d  t o  i n t e r p r e t  p o p u l a t i o n  t r e n d s  
f r o m  a g e  c o m p o s i t i o n  d a t a  o b t a i n e d  f r o m  h a r v e s t e d  a n i m a l s  o r  
samp1.e c a u n t s .  S u c h  a t t e m p t s  a r e  f r a u g h t  w i t h  p i t s  a l l s  
i C a u g h l e y p  1976:12C)-123);  h o w e v e r ?  t h e  s t a b l e  a g e  d i s t r i b u t i o n s  
p r e s e n t e d  i n  F i g u r e  1 8  may b e  o f  u s e  i n  i n t e r p r e t i n g  a g e  
c o m p o s i t i o n  d a t a  f o r  p i g s  i n  HVNP i f  o n e  a s s u m e s  a  r e l a t i v e l y  
s t a b l e  c a r r y i n g  c a p a c i t y ,  a s t a b l e  h a r v e s t  r a te  a n d  n o  s e l e c t i a n  
f  n r  sex or a g e  c l a s ses  i n  t h e  h a r v e s t .  The  m o s t  o b v i o u s  p a t t e r n  
i n  F i g u r e  IU is t h a t  a s  t h e  p e r c e n t  h a r v e s t  i n c r e a s e s ,  t h e  maximum 
a n d  a v e r a y e  a g e 5  o f  t h e  p i g s  d e c l i n e  s u b s t a n t i a l l y .  S i n c e  r e c e n t  
h a r v e s t s  i n  t h e  Puh imau  u n i t  h a v e  i n c l u d e d  p i g s  u p  t o  f i v e  y e a r s  
o f  a g e  i t  is u n l i k e l y  t h a t  t h e  a v e r a g e  h a r v e s t  r a t e  h a s  b e e n  o v e r  
25 p e r c e n t  p e r  s i x - m o n t h  s e a s o n .  Notice a l s o  t h a t  w i t h  
i n c r e a s i n g  h a r v e s t  r a t e  t h e  number  o f  p i g l e t s  f a r r o w e d  d e c l i n e s ,  
b u t  t h e  p e r c e n t a g e  o f  t h o s e  b o r n  t h a t  s u r v i v e  t o  b e  r e c r u i t e d  t o  
t h e  a d u l t  p o p u l  a t i  on i n c r e a s e s  d r a m a t i  c a l  I. y. The  model taC::es 
i n t o  a c c o u n t  t h e  f a c t  t h a t  h u n t i n g  l o s s e s  o f  a d u l t s  a re  
c o m p e n s a t e d  f o r  t o  a d e g r e e  by  i m p r o v e d  s u r v i v a l  o f  young .  T h i s  
is b a s e d  on t h e  a s s u m p t i o n  t h a t  t h e  main  f a c t o r  l i m i t i n g  t h e  
p a p u l a t i o n  is f o o d  a v a i l a b l i t i v  a n d  t h a t  a r e l a x a t i o n  o f  
i n t r a s p e c i f i c  c o m p e t i t i o n  a l lows i m p r o v e d  s u r v i v o r s h i p  of  t h o s e  
ind iv idc . t a I ! s  r e m a i n i n q ,  e s p e c i a l l y  p i g l e t s .  

We n o t e d  t h a t  a h a r v e s t  o f  12 p i g s  cou1.d b e  s u s t a i n e d  f r o m  t h e  
F'uhj.mau u n i t  w h e t h e r  t . h e  s t a n d i n g  c r o p  w a s  2 1 9  o r  21 a d u l t s .  



O b v i o u s l y ,  t h e  P a r k  would p r e f e r  a  s t a n d i n g  c r o p  o f '  o n l y  2 1  a s  
t h i s  d e n s i t y  would h a v e  a min ima l  i m p a c t  on  t h e  f l o r a  a n d  f a u n a  
o f  t h e  area. U n f o r t u n a t e l y  i t  is c o n s i d e r a b l y  more d i f f i c u l t  t o  
h a r v e s t  1 2  p i g s  f r o m  t h e  small  p o p u l a t i o n  t h a n  f r o m  t h e  l a r g e  o n e .  
I f  w e  a s s u m e  t h a t  t h e  h a r v e s t  method  is h ~ r n t i n g  b y  c r e w s  o f  t w o  
men a n d  t w o  d o g s  f o r  e i g h t - h o u r  d a y s  w e  c a n  p r e d i c t  t h e  amount  of  
e f f o r t  r e q u i r e d  t a  h a r v e s t  1 2  p i g s  i n  e a c h  c i r c u m s t a n c e  b a s e d  on  
t h e  r e g r e s s i o n  o f  F i g u r e s  5 a n d  13. A h a r v e s t  o f  12 p i g s  f r o m  a 
p o p u l a t i o n  o f  2 1 9  would r e q u i r e  a n  e s t i m a t e d  50 man-days l e . g .  
o n e  c r e w  f o r  f i v e  weeks ;  f i v e  w o r k i n g  d a y s  p e r  w e e k ) .  The same 
h a r v e s t  f r o m  a p o p u l a t i o n  o f  o n 1  y  21 would r e q u i r e  a n  e s t i m a t e d  
l7C) .man-days ,  or o v e r  t h r e e  t i m e s  t h e  e f f o r t  f o r  t h e  o t h e r  
s i t u a t i o n .  The h u n t i n g  e f f o r t  p r e d i c t e d  f o r  a n y  h a r v e s t  r a t e  i n  
t h e  Puhimau  u n i t  c a n  b e  s e e n  i n  F i g u r e  19. Of c o u r s e ,  s i n c e  t h e  
p r e d i c t i o n s  a r e  b a s e d  on t h e  s k i l l  and  s u c c e s s  of  t h e  a v e r a g e  
Depu ty  R a n g e r  o v e r  t h e  p a s t  d e c a d e ,  a n y  improvemen t  i n  t h e  s k i l l  
or e f f e c t i v e n e s s  o f  f u t u r e  h u n t i n g  crews would r e d u c e  t h e  e f f o r t  
r e q u i r e d  a c c o r d i n g l y .  E f f o r t  r e q u i r e d  t o  k i l l  a p i g  a t  Great 
Smoky M o u n t a i n s  N a t i o n a l  Park:: and  a t  Dye C r e e k  P r e s e r v e  is less 
t h a n  e x p e c t e d  f o r  H a w a i i  V o l c a n o e s  N a t i o n a l  P a r k  ( F i g u r e  1 9 ) .  

Ther-e i 5  a n  a d d i t i o n a l  p o i n t  r e g a r d i n g  t h e  c a s e  of  a h i g h  h a r v e s t  
r a t e  f r o m  a l o w  s t a n d i n g  c r o p .  S i n c e  t h e  p r e s e n t  p o p u l a t i o n  is 
n e a r  c a r r y i n g  c a p a c i t y  ( F i g u r e  81, a d d i t i o n a l  e f f o r t  must b e  
e x p e n d e d  t o  r e d u c e  t h e  s t a n d i n g  c r o p  t o  21 h e a d  b e f o r e  t h e  
s u s t a i n e d  y i e l d  s i t u a t i o n  c a n  b e  i n s t i t u t e d .  T h i s  c o u l d  b e  d o n e  
i n  t w o  ways: 1 )  r emove  a g i v e n  p e r c e n t a g e  ( a t  l e a s t  57.5 
p e r c e n t )  o f  t h e  a d u l t  s t a n d i n g  c r o p  e a c h  s e a s o n  u n t i l  t h e  
p o p u l a t i o n  r e a c h e d  21, or 2 )  r e m o v e  a g i v e n  a b s o l u t e  number  l a t  
l e a s t  58) e a c h  s e a s o n .  T h e  f i r s t  a 1  t e r n a t i v e  would  r e q u i r e  a 
g r e a t e r  t a t a l  e f f o r t  b e c a u s e  i t  would t a k e  l o n g e r  ( d e c a d e s )  t o  
i j r i v e  t h e  popcrl a t i o n  down. The  s e c o n d  a l t e r n a t i v e  is i 1  l u s t r a t e d  
i n  F i q u r e  2 0 .  H e r e  80 p i g s  a r e  h a r v e s t e d  p e r  s e a s o n  ( a n  
i n c r e a s i n g  p e r c e n t  h a r v e s t ) .  Notice t h a t  t h e  e f f o r t  r e q u i r e d  t o  
t a k : : ~  t h e  same number o f  p i g s  i n c r e a s e s  g e o m e t r i c a l  l v  a s  t h e  
p o p u l a t i i m  is d r i v e n  lower. F i g u r e  2 0  p r e d i c t s  t . h a t  i t  would take 
r -ouqh ly  I  lw:) man-days w i t h i n  a s i x - m o n t h  p e r i o d  t o  r e m o v e  t h e  
l a ~ . t  Si:) p i g s  f r o m  t h e  F'uhimau u n i t  i f  h u n t i n g  w i t h  d o g s  w a s  t h e  
methcrd u s e d .  T h i s  is e q u i v a l e n t  t o  f i v e  c r e w s  workincj  f o r  n e a r l y  
t h e  e n t i r e  s i x -mon th  p e r i o d  I a s s u m i n q  f i v e - d a y  work w e e k s ) .  A 
t o t a l  of  580!:) man-days o f  h u n t i n q  would e l i m i n a t e  t h e  Puhimau  p i g  
p o p u l a t i o n  i n  f i v e  y e a r s .  The  opt imum h a r v e s t  s t r a t e q y  w i l l  
d e p e n d  i n  p a r t  on t h e  l o g i s t i c s  o f  s u p p l y i n g  manpower ,  d o g s  a n d  
e q u i p m e n t  f o r  a g i v e n  u n i t .  W e  stress, h o w e v e r ,  t h a t  t h e  cost  o f  
c o n t r o l  w i l l  v a r y  g r e a t l y ,  d e p e n d i n g  on t h e  s t a n d i n g  c r o p ,  e v e n  
i f  a s i n g l e  c o n t r o l  method is u s e d .  N o r m a l l y ,  c o s t s  w i l l  
a cce l e ra t e  o v e r  t i m e  ~ r n t i  1  e x t e r m i n a t i o n  is a c c o m p l i s h e d .  

We h a v e  c o n ~ . j . d e r e d  o n l y  o n e  p i g  c o n t r o l  method h e r e .  Our a n a l y s i s  
of: t h e  I1eput.y Range r  P rog ram f o u n d  t h a t  i t  w a s  s u c c e s s f  u l  i n  cases  
w h e r e  t h e  management u n i t  w a s  a s e l f - c o n t a i n e d  area o f  less t h a n  
c .~c..)Oha - a+ a c c e s s i b l e  lpig h a b i t a t .  Pig-pr-oof f  e n c i n q  i n  c o n j u n c t i o n  

w i  t.h n a t ~ . c r a l  bar-rj.  e r s  is n e c e s s a r y  t o  el i m i  n a t e  p i  q d i s p e r s a l  !, 
and mo!zt of  t h e  a r e a  m ~ . ( s t  1  i e w i t h i n  500m a f  a r o a d  or m a j u r  



t r a i l .  O v e r a l l . ,  w h i l e  t h e  p r o g r a m  h a s  n o t  b e e n  d e t r i m e n t a l ,  i t  
h a s  n o t  s o l v e d  t h e  p i g  d e p r e d a t i o n  p r o b l e m ,  n o r  i s  i t  l i k e l y  t o  i n  
t h e  , f u t u r e .  T h i s  d o e s  n o t  mean t h a t  some f o r m  o f  h ~ ~ n t i n g  may n o t  
b e  a u s e f u l  c o n t r o l  me thod ,  a l o n e  o r  i n  c o n j u n c t i o n  w i t h  o t h e r  
me thods .  F o r  e x a m p l e ,  s y s t e m a t i c  h u n t i n g  by  p a i d   professional.^, 
or h i g h l y  o r g a n i z e d  h u n t s  by  many g r o u p s  o f  D e p u t y  H a n g e r s  
w o r k i n g  i n  c o n c e r t  w i t h i n  a p r e s c r i b e d  u n i t  c o u l d  b e  t e s t e d  f o r  
t h e i r  f e a s i b i l i t y  a n d  e f f i c i e n c y .  I f '  p i l o t  s t u d i e s  p r o v e d  
f a v o r a b l e  t h e  s c h e m e  c o u l d  b e  e x p a n d e d  a n d  e v e n  combined  w i t h  
o t h e r  m e t h o d s .  The  opt imum s o l u t i o n  t o  t h e  o v e r a l l  p r o b l e m  is 
l i !::el y t o  r e q u i r e  a n  i n t e g r a t e d  c o n t r o l  s t r a t e g y  i n v o l v i n g  a 
v a r i e t y  o f  m e t h o d s  o v e r  s p a c e  and  t i m e .  Under  t h e  s p e c i a l  
c i r c u m s t a n c e s  o u t l i n e d  a b o v e ,  t h e  D e p u t y  R a n g e r  P r o g r a m  may h a v e  a 
p l a c e .  O t h e r w i s e  i t  o n l y  p r o v i d e s  a n o t h e r ,  r a t h e r  
~ m c o n v e n t i o n a l  , r e c r e a t i o n a l  u s e  o f  a N a t i o n a l  P a r k .  

F i n a l l y ,  w e  m u s t  comment on o n e  a d d i t i o n a l  a s p e c t  of  t h e  D e p u t y  
Range r  P rog ram.  S p o r t  h u n t e r s  t e n d  t o  b e  bound by  t r a d i t i o n .  
Hav ing  p u t  a n  i n v e s t m e n t  o f  t i m e  a n d  e n e r g y  i n t o  l e a r n i n g  t h e  
d e t a i l s  of  a g i v e n  h u n t i n g  g r o u n d ,  t h e y  resist  moving  e l s e w h e r e  
~ . . m l e s s  t h e i r  s u c c e s s  r a t e  d e c l i n e s  b e l o w  some t h r e s h o l d .  T h a t  
thv-esholld f o r  p i g  h u n t e r s  i n  t h e  I-lilo a r e a  o f  H a w a i i  is  h i g h  
r e l a t i v e  t o  h u n t e r s  i n  L o s  A n q e l e s ,  b u t  s i n c e  h u n t e r  s u c c e s s  i n  
H a w a i i  o o l c a n o e s  N a t i o n a l  P a r k  r e m a i n s  h i g h  by  m o s t  s t a n d a r d s ,  
e v e n  a f t e r  d e c a d e s  o f  h u n t i n g ,  t h e  e x i s t i n g  body  o f  D e p u t y  
H a n g e r s  h a s  a s t r o n g  i n t e r e s t  i n  p r e s e r v i n g  t h e i r  o p p o r t u n i t y .  A 
f e w  i n d i v i d u a l s  may g o  so f a r  a s  t o  release d o m e s t i c  p i g s  or 
p i g l e t s  c a u g h t  bay d o g s .  R e l e a s i n g  c a s t r a t e d  b o a r s  f o r  l a t e r  
h a r v e s t .  a s  b a r r o w s  is less i m p o r t a n t ,  b u t  f r o m  t h e  F'ark's p o i n t  
af v i e w ,  i . t  would  b e  p r e f e r a b l e  t.o r e m o v e  t h e  a n i m a l  immed ia t e1 .y .  

The  k e y  t a  s u c c e s s  w i t h  a n y  c o n t r o l  p r o g r a m  i n  wh ich  l o c a l  
e : . : t e r m i n a t i o n  is a goal. is t o  maC::e i t  v e r y  c lear  t o  p u b l i c  
p a r t i c i p a n t s  t h a t  t h e i r  e x p e c t a t i o n s  a s  w e l l  a s  t h e i r  r i g h t s  m u s t  
b e  l i m i t e d .  W h i l e  t h e y  may h e  v o c a l  a n d  c a r r y  c o n s i d e r a b 1 . e  
p n l i t i c a l  w e i g h t  l o c a l l y ,  t h e y  s h o u l d  r e a l i z e  t h a t  t h e y  mus t  
e v e n t u a l l y  a b i d e  by  t h e  w i s h e s  (3f t h e  p u b l i c  a t  l a r g e ,  w h i c h  h a s  
c l . e a r l y  s t a t e d  i ts i n t e r e s t  i n  t h e  p r e s e r v a t i o n  of  n a t u r a l  
ecasvstems o f ,  and  o p p o s i t i o n  t o  p u b l i c  h u n t i n g  i n  N a t i o n a l  
Parl.::s. T h i s  n a t i o n a l  i n t e r e s t  is e x p r e s s e d  i n  t h e  . f o r m  o f  
,Feder-a1 : I . e g i ! s l a t i o n  and  a g e n c y  r e q u l  a t i o n s  wh ich  h a v e  p r i o r i t y  
cwer s t a t @  a n d  l o c a l  i n t e r e s t s  on  F e d e r a l  l a n d s  (Wood and  
B a r r e t t ,  1979:  S i n g e r ,  1 9 8 1 ) .  W e  r e c o g n i s e  t h a t  on  o t h e r  l a n d s  
p i g  h u n t i n g  may h e  a l e g i t i m a t e  a n d  e v e n  m a j o r  l a n d  u s e  w i t h  a 
managment g o a l  o f  ma:.: i mum s u s t a i n e d  y i  el d .  
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-TABLE I, E s t i a a t ~ d  areas and f e r a l  p i g  c a r r y i n g  c a p a c i t i e s  f o r  ranagerent u n i t s  a f  Hawaii Volcanoes Na t i ona l  
Park. Land w i t h i n  500 ne te rs  o f  roads and aa jo r  t r a i l s  i s  considered accessible.  

........................................................................................................... 
UNIT NON- HABITAT PERCENT SUB- SUBHONTANE OHIA- MNTANE OHIA- 
ti AHE TOTAL (PERCENT) HABITAT TOTAL ACCESS. ALPINE SEASONAL ULUHE SEASONAL HAPU 

1. MdUlA LOA ha 
CC 

2. KIPUKA K I  ha 
CC 

3. OLAb TRACT ha 
CC 

1. KOOKOLAU ha 
CC 

6. FUU HULUHULU ha 
CC 

7 ,  KALAFANA ha 
CC 

?. HILINA PAL1 ha 3825 i4 )  
iC 50 (i) 

l i .  KILAUEA ha 3090 !3)  
CC 120 (3) 

T G T B L P ~ R E  ha 01093 !100) m 2 6  23047 15 361 6949 4614 n a  7915 
rr 
L 4560 ilO0i 0 tJ3/  ! 7 Jet l $62 ac7- 7 8 7  c 7 

~ 4 3  3 i b 6  
............................................................................................................ 

YEAN FIGS i ka2 5 0 20 2 10 20 4 0 E 

........................................................................................................... 
* Carry ing capac i ty  e s t i a a t e  rounded t o  m a r e s t  i0 p i g s  i ove r  s i x  aonths a i  age), 



Table 2. Summary data (mean and standard deviationj fm- t h e  
Deputy Ranger Program, Hawai i V o i  eannes National Far k. 

F i g  Mgmt. Unit 1 

Hunter Groups 72-77* 8.0 (2. St51 10.3 (4.44) - 
79-82** 1.5 (3.75) 4 .0  (3. ,531 1.5(2-07)  

Pig Mgmt. U n i t  4 5 6 

Hunter Groups 72-77 1.8(1.61) 4 .4  (2.03) l.El(1.47) 
79-82 0.5  (0.671 3.2 (2.85) <>.4(0.78)  



T a b l e  2. ( C o n t i n u e d )  

Pig Mgrnt. U n i t  7  a 9 

Hunter Groups 72-77* 5 .4  (2.261 1.4(1.261 1.7(1.34) 
73-82** 4.4 (3.331 1.2<1.93) 0.410.82) 

.- s u c c e s s  !%I 72-77 61 (26.9) 7 (18.31 1 (7.30) 
79-82 45 (38.2) 22 (37.7) 2(15.2)  

P i g  Mqmt. U n i t  lo*** 1 1  Park T o t a l  !3mo; : 

Hunter Groups 72-77 - 2.&(1.751 110C14.22 
75-82 O.Z(G.57) l.O(Ct.82; ~ ~ ( 3 8 . 3 )  



Table 3 .  Est imated average monthly cos t s  and b e n e f i t s  o f  t h e  
p i g  hun t i ng  program, 1972-1982, Hawai i Vol canoes 
Na t iona l  Park. 

I t em Amount per  Month U n i t  Value To ta l  Value 

Ranqer enf orcement 2 man-days $85 
(1  i cens ing ,  p a t r o l  1  i ng ,  p u b l i c  contac t ,  c o u r t  

Resource manaqement 4 man-days $80 
l m c ~ n i t o r i n g ~  data  summarization, a d d i t i o n a l  hun t i ng )  

Deputy ranqer  expense 25 t r i p s  BZS $625 
!milage, dog care, weapons, ammunition) --------- 

To ta l  Cost pe r  Month 91 115 

BENEF ITS 

Hunt ing r e c r e a t i o n  60 hunter-days 
(es t imated average " w i l l i n g n e s s  t o  pay" )  

Meat S4CI kg $S 
( 2 0  p i g s  :.: 4(:) I.::g/pig :.: 67 % dressed carcass) 

Reduct i nn o.f damage 18 ha $ 3 ~ )  
( vege ta t i nn ,  e rns ion ,  n a t i v e  fauna, 
aes the t i cs ;  a l l  l osses  due t o  r o o t i n g  o f  
about 25 mZ per  p i g  per day by 20 p i g s  
i n  30 days, and damaqe l a s t s  f o r  12 mo; 
conserva t ion  easement cos t  f o r  ha o f  s i m i l a r  
a l . t e rna t i ve  land f o r  12 m o )  --------- 

To ta l  B e n e f i t  per  Month 82760 

EENEF I'T/COST RATIOS 

Eenefit./Coc;t R a t i o  f o r  Hunterz. = 3.5 
Eenef i t /Cost Rat i a f o r  Park = I .*  1 
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HUNTER ACCESS HELPS CONTROL 
L 4 1 5  

N N : 11 UNITS OF 
4 1 0 1  t t ~ ~ ~ I 1  VOLCfiNOH B 

1 
3 , 5  NBTIONBL PORK 



FEW PIGS MLKES HUNTING H1 



HUMP PIC MGMT UNIT 7 - R A I N F 1 L L - P I G  NUMBERS I E L L T I O H S I I P  

TIME SCLLES OFFSET 3 YEIRS 



HVHP PIG MCWt UNIT  1 RLIHFLLL-PIG HUMEE1R$ RELLTIONSHIP 

4B5 T 

RAINFALL (in per bno) 3 YEARS BEFORE 



HUMP PIG MCMT UNIT 5 - POPULLTION MODEL 
rC 

I n  

II 

I Y  
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I I  

I 'r 
"L 1-k . 
m ~ ~ - p p f . y  : f l -  
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SIMULllION YELR Cn N 

(hssu~es adult CC = 220 and nonselective adult harves t) fq a? 

(Nu~bers t o  right are adu t pigs "control led" per 6-140 period) 

Start control alternatives \ I \ 



- fi 
uf* SIMULATION YElR hl $;& a\ 

(Lsswes adul t CC = 80 and nonselective adul t harues t 1 

HVHP PIG MGMT UNIT 2 - POPULlTIOH MODEL 
258 - 
225 
200 

N 175 
U 

-- - Start  actual harvests 
-- 

1 

-- I 

M 150 -- PIGLETS 

% 125 -- 
R 100 -- 

75 -- 



HUHP PIC MCMT U H I l  11 - POPULlTION MODEL 
30 T 

I r - Start actual harvests 

PIGLETS \ 
I 

SIMULBTION YEAR 4 tQ 

( A s s u ~ e s  adult CC = 130 and nonselective adul t harues t 1 



R l I N  FOREST - ROOTING DIMICE-PIG DENSITY RELlTIONSHIPS 

M I L T  ( 6 + ~ o )  PIGS PER SPUME KILOMETER 03 h, 

(bssu~es an adult pig roots 25w2 or a 5x514 area per day) 
( A s s u ~ e s  the   ax it ma rootable ground is  75ha per kn2) 



HUNTER ACCESS REQUIRED FOR GIVEN LEVEL O F  PIG CONTROL - HUNP 

(Percent of pig t m a y e ~ e n t  uni t  within 500n of access road or tra i  1) 



ADULT (6two) PIGS PER SQUlRE KILOMETER OF HllITAT 
( A s s u ~ e s  Deputy Ranger t e a ~ s  o f  2 Men and 2 dogs hunting 8-hr days) 





H U N P  P I C  MGMT U N I T  5 - I B S O L U T E  P O P  GROWTH MODEL 

POSTHUNT POPULATION ( 6 + ~  adults) 



HUMP P I G  MGMT UNIT 5 - S P E C I F I C  POP GROWTH MODEL 

POSTHUNT POPULITION ( 6 + ~  adults) 



HUWP PIC MCMT UNIT 5 - HIRUEST-DENSITY RELlTIONSHIP 

- - 
I I I I , I 

- I I I I I  EX^ I inc t;ionb\ I 

HARUEST IS PERCENT OF PRE-HUNT POPULAT I ON 



UUWP PIG SPIT U#II S - STBILE BCE SPllCTURE 

. . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  

YITH #X HARVEST 



HUHP P I G  MGMT UHIT 5 - HUHTIHG EFFORT T O  MLIHTLIH GIUEH S Y  

SUSTAINED YIELD AS PERCENT OF PRE-HUNT LDULT POPULLTION 
(bssnes hunt ing teaas o f  2 Hen and 2 dogs hunting 8-kr days) 

( I s s u ~ e s  to ta l  e f f o r ~ t  is accowpl ished wi thin a 6 - ~ o n t h  season) 



HUMP P I G  MGMT U N I T  5 - E F F O R T  N E E D E D  T O  REMOVE PIGS 
12BQ -- 

l00Q - -  

flkl0 -- 

600 

400 

200 

0- 

REMOVING 88 PIGS PER SEASON ELIMINLTES POPULAlION 
IN 5 YEARS WITH BBOUT 5888 MAN-DLYS OF HUNTING ,/ Ill 9 \ 

/' 
0' / I  I 

-2' 

I Man-days per reason required to reMove indicated harvest $' , 
\ f8 

I 

A' I 

-- X* I 
I 

-$--- -Dm- I *+-- 
I++-- -'Pre-haws t Adlrl t Poyulat ion/ I 

-- 

81) 2 l1 2 f12 2 83 2 2 86 2 88 2 84 

YEhR 
(bssuwe effort involves 2- an t e a ~ s  of kun ters wi t k  dogs) 

(Lssu~es hunting effort is disyewed throuyhout entire unit) 



DATA EASE CONSTRUCTION FOR PIG HUNTING RECORDS 

A11 a v a i l a b l e  data from t h e  f i l e s  o f  Hawaii Volcanoes Nat iona l  
Park on t h e  number o f  w i l d  p i g s  k i l l e d  over t h e  years were entered 
i n t o  a  VISIFILE data base management system (Ewing, R. 1982. 
VISIFILE u s e r " s  guide f o r  t h e  IEM Personal Computer. Vis iCorp 
Personal Software, 2895 Zanker Road, San Jose, Ca 95134). Most 
records were f o r  1972 t o  1983 and inc luded  hunt ing e f f o r t  by 
deputy rangers. A separate f i l e  was greated f o r  each p i g  
management u n i t  (Table 1) so t h a t  p l e n t y  o f  a d d i t i o n a l  space would 
be a v a i l a b l e  i n  each f i l e  f o r  a d d i t i o n a l  data (each f i l e  can h o l d  
up t o  32,000 record's). 

TABLE 1 .................................................................. 
VISIFILE FILE NAME WILD PIG MANAGEMENT UNIT .................................................................. 

HPKU 1 MAUNA LO4 
HPKU2 KIPUKA K I  
HPKU3 OLAA TRACT 
HPKU4 MO0b::OLAU 
HPKUS PUH I MAU 
HPKUb PUU HULUXULU 
HPKU7 KALAPANA 
HPKUB A I NAHOU 
HPKU9 HILINA PAL1 
HFk::U 1  O KAU 
HPk::Ul 1  b:: I LAUEA 

The value o f  having l a r g e  numbers o f  records such as t h e  p i g  k i l l  
data s to red  i n  a  computer da ta  base l i e s  i n  t h e  computer" a b i l i t y  
t o  s o r t  out  data o f  i n t e r e s t ,  per form des i red c a l c u l a t i o n s  
r a p i d l y ,  and d i sp lay  t h e  r e s u l t s  i n  t abu la r  o r  graphic formats. 
Updating and resummarizing an ongoing moni tor ing e f f o r t  becomes a  
r e l a t i v e l y  easy process w i t h  a  computerized system. It i s  a l s o  
easy t o  r e v i s e  t h e  data base i f  e r r o r s  are  detected i n  t h e  f u tu re ,  
and then r e c a l c u l a t e  summary s t a t i s t i c s .  

A11 VISIFILE f i l e s  f o r  t he  p i g  managment u n i t s  were const ruc ted 
w i t h  an i d e n t i c a l  format so they cou ld  be combined i n t o  one l a r g e  
f i l e  i f  desired. There a re  12 f i e l d s  per record  (Table 2A,B,C>, 
p l u s  t h e  record  number, i n c l u d i n g  e i g h t  t h a t  r e q u i r e  o r i g i n a l  data  
and four  o thers  f i l l e d  by ca l cu la ted  f i e l d  formulas (eg. t o t a l  
1  i s  t h e  sum of boars, sows, and unknown sex k i l l s ) .  One 
record  represents  t h e  data f o r  one month. I n  t h e  f u tu re ,  i t  would 
be eas ier  t o  enter  data from forms designed s i m i l a r l y  t o  t he  
record  format. A t o t a l  of  124 records  (months) a re  now i n  t h e  
data base (November 1972 through February 1983). 

A l l  data were double-checked so they should be accurate r e l a t i v e  



t o  t h e  o r i g i n a l  da ta  forms. The accuracy r e l a t i v e  t o  t h e  t r u e  
hun t ing  e f f o r t  and t r u e  p i g  k i l l  i s  unknown; mast l i k e l y  a l l  
reco rds  a re  underestimates. I f  a t  a  f u t u r e  da te  t h e r e  i s  good 
reason t o  modi fy  a  r eco rd  i t  can e a s i l y  be done. No da ta  were 
a v a i l a b l e  f o r  f i s c a l  years 1977 through 1979. Therefore, t h e  
zeros i n  these records  represent  miss ing  da ta  r a t h e r  than  ze ro  
va l  ues. 

If t h e  VISIFILE da ta  base management system i s  used t o  s t o r e  
f u t u r e  p i g  k i l l  records,  t h e  i n f o r m a t i o n  i n  Tables 1 and 2 i s  
s u f f i c i e n t ,  i n  a d d i t i o n  t o  t h a t  i n  t h e  user" manual, t o  access 
t h e  data  base. 

The remainder o f  APPENDIX A i s  a  hard  copy o f  t h e  data  base as i t  
now stands. 

TABLE 2 

THE THREE PARTS OF THIS TABLE ILLUSTRATE THE FORMAT FOR THE TWELVE 
FIELDS FOUND I N  EACH FILE RECORD. SEE VISIFILE USER'S GUIDE FOR 
DETAILS. .................................................................. 

A .  
F I: LE=HF'KU 1 

F I ELU. NAME - S I Z E  'TYPE F'ROT' STFiRT 



B. 
VISIFILE - FILE DEFINITION 

DATA TYPE 
k=klpha-numeric 
t ' . l=N~imer i c 
D=Date as MMJDD/YY 
P- a-Autm-stamp today ' s  d a t e  
% = D o l l a r s  Pr c e n t s  

PROTEC'T' I ON 
N=NuI-I~ 
'/=IJpdate n o t  a1 % o w e d  
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APPENDIX B. DRAFT 6-1-89 

MODELING POPULATIONS W I T H  EXIESTING MICROCOMPUTER SOFTWE 

REGINALD H. BARRETT, Department o f  Forest ry  and Resource 
Management, Un ive rs i t y  of  Ca l i fo rn ia ,  Berkeley, CR 94720 

The purpose o f  t h i s  paper i s  t o  adver t ise t h e  ease o f  using 
business or ien ted  f i n a n c i a l  planning software on microcomputers 
f o r  madel i n g  the  dynamics o f  w i l d l i f e  populat ions. Conceivably 
even f i e l d  personnel i n  remote loca t ions  could purchase, set  up 
and r un  t h i s  equipment wi thout more assistance than t h a t  ava i l ab le  
i n  the  manuals provided a t  t he  t ime o f  purchase. Knowledge o f  
popul a t i  on dynamics would be requi red of course. 

W i l d l i f e  b i o l o g i s t s  have been in te res ted  i n  modeling w i l d l i f e  
populat ion dynamics f o r  many years, but  most e f f o r t s  have 
required the  development o f  special ized programs f o r  use on main 
frame or  minicomputers. While those w i th  access t o  these la rge r  
computers have found populat ion modeling use fu l  i n  managing 
ce r t a i n  species of ungulates (Walters and Gross 1972, Conley 
l978), carnivores (Bunnell and Ta i t  l978), small mammals (Conley and 
Nichols l978), waterf owl (Cowardin and Johnson 19791 , upland game 
(Lobdel l  e t  a l .  l972), rap to rs  (Gr ier  l98O), songbirds 
(Pennycuick 1969) and r e p t i l e s  (Nichols e t  a l .  19761, the  
major i t y  o f  f i e l d  b i o l o g i s t s  are s ta t ioned too  f a r  away from such 
machines t o  use them regu la r ly .  Moreover, most f i e l d  b i o l o g i s t s  
do not have the  programming s k i l l s  t o  use the  l a rge r  computers 
e f f ec t i ve l y .  

A f te r  having spent a considerable amount of  t ime attempting t o  
adapt ex i s t i ng  programs t o  l a rge  and small computers, and even 
attempting t o  w r i t e  my own programs, I discovered I could 
construct  "temp1 ates" f o r  a "spreadsheet" program t o  model a wide 
range of w i l d l i f e  species from e l k  (Elaphus canadensis) t o  nene 
(Branta sandvicensis) w i th  r e l a t i v e  ease. Moreover, by 
obtain ing a graphics program tha t  would i n t e r a c t  eas i l y  w i th  t he  
spreadsheet program I could r e a d i l y  graph my r e s u l t s  f o r  more 
e f f e c t i v e  communication t o  others. Therefore, despi te easy 
access t o  a la rge  computer, I have found t h a t  t he  p o r t a b i l i t y ,  
low running cost and undisturbed access t o  the  "user f r i end l y " ,  
personal computer software have more than o f f s e t  t he  cap i t a l  
ou t lay  f o r  t he  system. 

THE GENERAL APPROACH 

While I used VISICALC (Wolverton 1981, Wil l iams and Taylor 1981, 
Castlewitz e t  a l .  1982) and VISIPLOT (Ewing 1982) on an IBM 
Personal Computer (Goldstein and Goldstein 1982) w i th  128M random 
access memory (RAM),  the  same approach could be used on any of  a 
va r ie t y  of s im i l a r  spreadsheet programs avai 1 able f o r  a host o f  
d i f f e r e n t  microcomputers w i th  as l i t t l e  as 6 4 K  RGM. Several 
newer programs encorporate the  modeling and graphics c a p a b i l i t i e s  



i n t o  j u s t  o n e  program,. making t h e  p r o c e s s  e v e n  s i m p l e r  t h a n  
d e s c r i b e d  h e r e .  

A l l  s p r e a d s h e e t  p r o g r a m s  a r e  d e s i g n e d  t o  m i m i c  a l a r g e  l e d g e r  
compr i sed  o-f a m a t r i x  of "cellsaa i n t o  which c a n  b e  e n t e r e d  l ab les  
or v a l u e s .  V a l u e s  c a n  b e  e n t e r e d  d i r e c t l y  as r a w  d a t a ,  s u c h  a s  
t h e  number of  i n d i v i d u a l s  i n  a n  a g e  c I a s s ,  or as t h e  r e s u l t  of 
f u n c t i o n s .  F u n c t i o n s  are i m p o r t a n t  i n  model i n g  a s  o n c e  a n  
i n i  ti a1 p o p u l a t i o n  s t r u c t u r e ,  a c a r r y i n g  c a p a c i t y  and a h a r v e s t  
r e g i m e  are e n t e r e d ,  a l l  f o l l o w i n g  v a l u e s  are computed on t h e  
b a s i s  of f u n c t i o n s  b u i l t  i n t o  t h e  t e m p l a t e .  T h i s  template, o r  
m a t r i x  of f u n c t i o n s ,  c o m p r i s e s  t h e  basic model and  c a n  b e  stored 
fo r  f u t u r e  u s e  on m a g n e t i c  t a p e  or d i s k  so t h e  numerous f u n c t i o n s  
t y p i c a l l y  i n v o l v e d  d o  n o t  need te b e  r e e n t e r e d  manua l ly  a t  e a c h  
model ing  s e s s i o n .  A d i f f e r e n t  model ( t e m p l a t e )  would b e  
c o n s t r u c t e d  for  e a c h  s p e c i e s  and even  f o r  d i f f e r e n t  p o p u l a t i o n s  
of t h e  same s p e c i e s  f r o m  d i f f e r e n t  e n v i r o n m e n t s .  

Constructing A Spreadsheet Tempi ate 

F i r s t  t h e  problem must b e  d e + i n e d  ( T i p t o n  1977, 1980:214).  A 
t y p i c a l  q u e s t i o n  is how w i l l  a  s p e c i f i e d  h a r v e s t  scheme a f f e c t  a 
p o p u l a t i o n ?  The p r o c e d u r e  t h e n  c o n s i s t s  of t w o  major e x e r c i s e s .  
F i rs t ,  a t e m p l a t e  is c o n s t r u c t e d  w i t h o u t  r e f e r e n c e  t o  p a r t i c u l a r  
c a r r y i n g  c a p a c i t y ,  h a r v e s t  or sen-age  s t r u c t u r e  v a l u e s ;  o n l y  s e x  
and a g e  s p e c i f i c  n a t a l  i t y ,  and s u r v i v o r s h i p  d a t a  (assuming z e r o  
d i s p e r s a l )  a r e  r e q u i r e d  a t  t h i s  s t a g e .  The f i r s t  s t e p  is t o  
d e t e r m i n e  t h e  t i m e  i n t e r v a l  f o r  t h e  model a s  e a c h  p e r i o d  w i l l  
r e q u i r e  one  r o w  across t h e  s p r e a d s h e e t .  A y e a r  or 6-month 
i n t e r v a l  w i  11 b e  a p p r o p r i a t e  f o r  long-1 i v e d  s p e c i e s ,  b u t  t h o s e  
l i v i n g  o n l y  2 y e a r s ,  f o r  example,  s h o u l d  b e  modeled w i t h  4-month 
t o  1-month i n t e r v a l s .  The t i m e  i n t e r v a l  a u t o m a t i c a l  l y  d e t e r m i n e s  
t h e  number of a g e  c l a s s e s  t h a t  must be- c o n s i d e r e d ,  t h u s  t h e r e  is 
a t r a d e o f f  between t h e  d e t a i l  of t h e  model and t h e  t o t a l  number 
of p e r i o d s  t h a t  c a n  b e  i n c l u d e d  i n  o n e  r u n  f o r  a  g i v e n  amount of 
RAM. I t  is p o s s i b l e ,  b u t  i n c o n v e n i e n t ,  t o  " r e c y c l e "  a r u n  by 
moving t h e  l a s t  l i n e  of t h e  s p r e a d s h e e t  t o  t h e  f i r s t  l i n e  by 
means of a d a t a  i n t e r c h a n g e  f o r m a t  (DIF) f i l e  ( K a l i s h  and Mayer 
1 9 8 1 ) .  With VISICALC t h i s  t a k e s  2 t o  3 m i n u t e s .  I f  a  g r e a t  
amount of model ing  is e x p e c t e d  i t  would b e  a d v i s a b l e  t o  p u r c h a s e  
more RAM, a l l o w i n g  a b i g g e r  s p r e a d s h e e t .  

If a  d e n s i t y  d e p e n d e n t  model is d e s i r e d ,  a g e  s p e c i f i c  n a t a l i t y  and 
s u r v i v o r s h i p  d a t a  must b e  a v a i l a b l e ,  or  est imated,  +or t h e  
p o p u l a t i o n  a t  c a r r y i n g  c a p a c i t y  ~ c C ) ,  and also when i t  is v e r y  
low r e l a t i v e  t o  CC. I u s e  CC h e r e  t o  mean " e c o l o g i c a l  c a r r y i n g  
c a p a c i t y N  (Caughley  19771, o r  " e q u i l i b r i u m  d e n s i t y "  (Fowler  and 
Smith  1973, S a v i d g e  and Z i e s e n i s  1980:406).  

Although n o n l i n e a r  r e l a t i o n s h i p s  between a g e  s p e c i f i c  n a t a l i t y  o r  
s u r v i v o r s h i p  and d e n s i t y  c a n  b e  modeled, I s u g g e s t  t h a t  s i m p l e ,  
1  i n e a r  f u n c t i o n s  b e  used u n l e s s  emperi  c a l  d a t a  s u g g e s t  o t h e r w i s e .  
I f  a  v a r i e t y  of a g e  s p e c i f i c  f u n c t i o n s  w i t h  d i f f e r i n g  s l o p e s  a r e  
used  t h e  r e s u l t i n g  r e l a t i o n s h i p  f o r  t h e  p o p u l a t i o n  a s  a 



whole  may b e  c u r v i l i n e a r .  For  example,  t o  f o r m u l a t e  a f u n c t i o n  
f o r  t h e  s u r v i v o r s h i p  of y e a r l i n g s  r e l a t i v e  t o  d e n s i t y  of t h e  
e n t i r e  p o p u l a t i o n  i t  is d e t e r m i n e d  t h a t  s u r v i v o r s h i p  is a b o u t  70 
p e r c e n t  when t h e  d e n s i t y  is v e r y  l o w  and a b o u t  30 p e r c e n t  when a t  
CC. By u s i n g  t h e  r a t i o  of p o p u l a t i o n  s i z e  t o  CC as t h e  
i n d e p e n d e n t  v a r i a b l e ,  a s i m p l e  1  i n e a r  r e g r e s s i o n  can b e  d e r i v e d  
w i t h  a s u i t a b l e  hand c a l c u l a t o r .  In  t h i s  case t h e  t w a .  p a i r s  of 
d a t a  (0, .7 and 1, -3 )  y i e l d  t h e  f u n c t i o n :  

S u r v i v o r s  i. Y e a r l i n g s  x (0.7 - 0.4 x Pop/CC), 

where -0.4 is t h e  s l o p e  o f  t h e  r e g r e s s i o n .  One c a n  
c a l c u l a t e  t h a t  i n  t h i s  c a s e  no  y e a r l i n g s  would s u r v i v e  i f  t h e  
a d u l t  p o p u l a t i o n  r e a c h e d  1-73 t i m e s  CC. 

S i m i l a r l y ,  i f  it was known that y e a r 1  i n g  females  p r o d u c e  an 
a v e r a g e  of t w o  young p e r  y e a r  u n d e r  optimum c o n d i t i o n s  b u t  n o n e  
when t h e  a d u l t  p o p u l a t i o n  is a t  CC t h e  t w o  p a i r s  o f  d a t a  ( 0 , 2  and  
1 , O )  c o u l d  b e  used  t o  c o n s t r u c t  t h e  f o l l o w i n g  + u n c t i o n :  

B i r t h s  f rom y e a r l i n g s  = Y e a r l i n g  females x (2 - 2 x Pop/CC). 

Using t h e  s a m e  p r o c e d u r e  t o  d e r i v e  t h e  p r o d u c t i o n  f rom a l l  a g e  
classes, t h e  t o t a l  number of b i r t h s  f o r  a g i v e n  t i m e  i n t e r v a l  is 
o b t a i n e d  by summation, Greater knowledge (or a n  a c t i v e  
i m a g i n a t i o n )  may a l l o w -  more complex f u n c t i o n s  t o  b e  c o n s t r u c t e d ;  
however,  t h o s e  i l l u s t r a t e d  h e r e  are t h e  s i m p l e s t  t o  s t a r t  w i t h ,  
b e i n g  a n a l o g o u s  t o  t h e  l o g i s t i c  model ( S a v i d g e  and Z i e s i n i s  
1980). 

C o n s t a n t s  f o r  e a c h  r u n  may b e  e n t e r e d  a t  t h e  t o p  of t h e  
s p r e a d s h e e t  i n  c e l l s  w i t h i n  a h e a d i n g  composed p r i m a r i l y  of  
l a b l e s ,  s u c h  a s  a t i t l e  o r  b r i e f  i n s t r u c t i o n s  f o r  r u n n i n g  o r  
p r i n t i n g  t h e  model. F o r  example,  CC ( i f  c o n s t a n t  t h r o u g h o u t  a 
r u n )  and h a r v e s t  ( a b s o l u t e  o r  p e r c e n t a g e )  c o u l d  b e  e n t e r e d  h e r e  t o  
minimize  t h e  need f o r  a d d i t i o n a l  columns i n  t h e  model i t s e l f .  A t  
l e a s t  one  summary s t a t i s t i c ,  to ta l  p o p u l a t i o n ,  must b e  l o c a t e d  i n  
a column t o  t h e  r i g h t  s i d e  of t h e  s p r e a d s h e e t  a s  t h i s  is t h e  
o u t p u t  t h a t  o n e  would n o r m a l l y  w i s h  t o  m o n i t o r .  I t  is a lso  mare 
e f f i c i e n t  t o  s i m i l a r l y  list any summary s t a t i s t i c s  t h a t  w i l l  b e  
used  a s  v a r i a b l e s  i n  f u n c t i o n s  o v e r  t i m e ,  e .g .  t h e  r a t i o  of 
p o p u l a t i o n  s i z e  t o  CC. 

When n a t a l  i t y  and s u r v i v o r s h i p  f u n c t i o n s  h a v e  been deve loped  f o r  
a l l  a g e  c l a s s e s  e x p e c t e d  t h e y  a r g  e n t e r e d  i n t o  t h e  s p r e a d s h e e t  
and t h e  model is r u n  f o r  a c o n s t a n t  CC ( s a y  1000) w i t h  no  
h a r v e s t .  I f  a l l  t h e  f u n c t i o n s  w i t h i n  t h e  model a r e  i n t e r n a l l y  
c o n s i s t e n t  t h e  a d u l t  p o p u l a t i o n  s h o u l d  s t a b i l i z e  i n  d u e  t i m e  a t  
t h e  d e s i g n a t e d  CC r e g a r d l e s s  of t h e  s t a r t i n g  p o p u l a t i o n  s t r u c t u r e .  
R a r e l y  w i l l  t h i s  b e  t h e  c a s e ,  however.  Normal ly  t h e  model must 
b e  " f i n e  t u n e d "  by r e p e a t e d ,  j u d i c i o u s  a d j u s t m e n t s  of t h e  
n a t a l i t y  and s u r v i v o r s h i p  rates. S i n c e  r e p r o d u c t i v e  i n f  o r m a t i o n  
is g e n e r a l l y  more r e a d i l y  a v a i l a b l e ,  I s u g g e s t  t h a t  m o s t  
a d j u s t m e n t s  b e  made i n  t h e  s u r v i v o r s h i p  f u n c t i o n s .  I t  w i l l  



become e v i d e n t  t h a t  a c h a n g e  i n  t h e  s u r v i v o r s h i p  f u n c t i o n s  f o r  
younger  a g e  classes w i l l  h a v e  a much g r e a t e r  e f f e c t  t h a n  similar 
c h a n g e s  f o r  o l d e r  a g e  classes= T h e r e + o r e  t h e  f i n a l ,  v e r y  small 
a d j u s t m e n t s  are most e a s i l y  made i n  t h e s e  o l d e r  a g e  classes. 

E s p e c i a l l y  f o r  p r o l i f i c ,  s h o r t - l i v e d  s p e c i e s  for which t h e  t i m e  
i n t e r v a l  i n  t h e  model is a whole  y e a r ,  t h o  i n i t i a l  r u n  may 
p r o d u c e  a  c y c l i c  p o p u l a t i o n  p a t t e r n .  I f  t h e  a v a i l a b l e  d a t a  f o r  
n a t a l i t y  and s u r v i v o r s h i p  a r e  s u s p e c t ,  a n d  t h e  s p e c i e s  is known 
n o t  t o  b e  c y c l i c ,  t h e n  t h e  r e g r e s s i o n  i n t e r c e p t s  or t h e  s l o p e s  
s h o u l d  b e  lowered  u n t i l  t h e  p o p u l a t i o n  s t a b i l i z e s .  To a d j u s t  t h e  
s t a b l e  p o i n t  upwards  i n c r e a s e  t h e  i n t e r c e p t s  and v i s e  v e r s a .  The 
d e t a i l s  of  which a g e  classes s h o u l d  b e  a d j u s t e d ,  and w i t h i n  what 
l i m i t s ,  must b e  left  up t o  t h e  b e s t  judgement  of  t h o s e  m o s t  
f a m i l i a r  w i t h  t h e  p o p u l a t i o n  concerned .  When t h e  model 
s t a b i l i z e s  t h e  a d u l t  p o p u l a t i o n  a t  t h e  d e s i g n a t e d  CC t h e  f i r s t  
major p a r t  of  t h e  mode l ing  p r o c e s s  is c o m p l e t e ,  and t h e  t e m p l a t e  
s h o u l d  b e  s t o r e d  on t w o  o r  more t a p e s  or d i s k s  f o r  s a f e k e e p i n g .  

Running The Model 

The second major e x e r c i s e  i n v o l v e s  r e p e a t e d  r u n s  of t h e  b a s i c  
model w i t h  v a r y i n g  c o m b i n a t i o n s  of  v a l u e s  f o r  1 )  c a r r y i n g  
c a p a c i t y ,  2) i n i t i a l  p o p u l a t i o n  s e x  and a g e  s t r u c t u r e ,  and 3) 
h a r v e s t  regime.  The o u t p u t  f o r  e a c h  r u n  a p p e a r s  a s  a  m a t r i x  of 
v a l u e s  f o r  t h e  number o f  i n d i v i d u a l s  i n  e a c h  sex-age  c lass  f o r  
e a c h  t i m e  i n t e r v a l ,  p l u s  any a d d i t i o n a l  summary s t a t i s t i c s  
d e s i r e d  o r  r e q u i r e d  ta d r i v e  d e n s i t y  d e p e n d e n t  f u n c t i o n s .  T o t a l  
p o p u l a t i o n ,  p e r c e n t  h a r v e s t ,  b i r t h s  p e r  100 f e m a l e s  and s e x  
r a t i o s  would b e  t y p i c a l  summary s t a t i s t i c s .  The o n l y  l i m i t s  t o  
such  d a t a  a r e  o n e ' s  i m a g i n a t i o n  and t h e  amount of  RhM a v a i l a b l e  
beyond t h a t  used  f o r  t h e  b a s i c  p o p u l a t i o n  s t r u c t u r e  m a t r i x .  

Each column of t h e  s p r e a d s h e e t  r e p r e s e n t s  t h e  v a l u e s  f o r  a  
p a r t i c u l a r  s t a t i s t i c  o v e r  t i m e  and c a n  b e  s a v e d  i n  a DIF f i l e  f o r  
s t o r a g e  o r  t r a n s f e r  t o  a  g r a p h i c s  program s u c h  as VISIPLOT. T h i s  
p a r t i c u l a r  s o f t w a r e  p a c k a g e  g e n e r a t e s  l i n e  or b a r  g r a p h s ,  
i n c l u d i n g  m u l t i p l e  l i n e s  or  even c o m b i n a t i o n s  of  l i n e s  and b a r s  
on o n e  g raph  t o  r e p r e s e n t ,  f o r  example,  t h e  c h a n g e  i n  a d u l t  
p o p u l a t i o n  ( l i n e )  r e l a t i v e  t o  a  p e r i o d i c  h a r v e s t  ( b a r s )  o v e r  
t i m e .  By combining DIF f i l e s  f o r  t h e  same s t a t i s t i c  o n e  can  
p r o d u c e  a  g r a p h  of s e v e r a l  model r u n s ,  t h u s  e x t e n d i n g  t h e  t o t a l  
t i m e  i n v o l v e d  t o  o v e r  200 p e r i o d s .  

4s o u t l i n e d  so f a r ,  a s p r e a d s h e e t  p o p u l a t i o n  dynamics  model c o u l d  
b e  d e s c r i b e d  a s  a r e l a t i v e l y  complex, t h u s  r e a l i s t i c  s i m u l a t i o n  
model u s i n g  d i f f e r e n c e  e q u a t i o n s  t o  p r o v i d e  d e t e r m i n i s t i c  
p r e d i c t i o n s  f o r  a p p l i e d  b i o l o g i s t s  ( T i p t o n  1980).  L i m i t a t i o n s  of 
s u c h  models  i n c l u d e :  I )  n o t  b e i n g  a b l e  t o  r e a d i l y  c a l c u l a t e  
optimum s o l u t i o n s  t o  p rob lems ,  a s  is p o s s i b l e  w i t h  a n a l y t i c a l  
models;  2) d i f f i c u l t y  mimicing c o n t i n u o u s l y  b r e e d i n g  p o p u l a t i o n s  
w i t h o u t  u s i n g  i n o r d i n a t e l y  s h o r t  t i m e  i n t e r v a l s ;  3) d i f f i c u l t y  i n  
o b t a i n i n g  a c c u r a t e  e s t i m a t e s  of t h e  many n e c e s s a r y  p a r a m e t e r s ;  
and 4) t h e  l a c k  of c o n s i d e r a t i o n  f o r  s t o c h a s t i c  e f f e c t s .  



The l a s t  i tem can be d e l t  w i t h  t o  some extent, By rounding a l l  
r e s u l t s  t o  in tegers  one can a t  l eas t  deal i n  whole animals. 
Nevertheless, t h e  models work best f o r  populat ions over 100 
animals. Var ia t ions  i n  ca r ry ing  capaci ty can be modeled by 
manual l y  en ter ing  randomi zed values based on frequency 
d i s t r i b u t i o n s  f o r  weather pa t te rns  o r  food production. Harvest 
schedules can be s i m i l a r l y  randomized beSore entering. VISICALC 
does n o t  encorporate a random number generator, but  other 
spreadsheet saftware may. I f  so, repeated runs could be made 
more r e a d i l y  t o  determine means and uariences f o r  output  var iab les  
o f  in te res t .  

AN EXAMPLE 

The fo l l ow ing  example i s  explained i n  some d e t a i l  t o  i l l u s t r a t e  
one way o f  cons t ruc t ing  a populat ion dynamics model f o r  
s imulat ing t he  e f+ec ts  o f  var ious harvest ing schemes on a f era1 
p i g  (Sus scrofa)  populat ion i n  northern Cal i +o rn i a  (Bar re t t  
1978). The values used are based on over 10 years of  observations i n  
Ca l i fo rn ia ,  t he  d e t a i l s  t o  be pub1 ished elsewhere, p l us  add i t i ona l  
observations i n  Aus t r a l i a  and Hawaii. My i n t e n t  here i s  not  t o  
j u s t i f y  the  accuracy o f  t h i s  p a r t i c u l a r  model, but  t o  use i t  as 
an example o f  t he  k ind  o f  work t h a t  can be accomplished w i th  
commerci a1 1 y avai I ab l  e spreadsheet so+ tware f o r  a m i  crocomputer . 
The p i g  model u t i l i z e s  a 45- by 45-cell spreadsheet r equ i r i ng  
lZ8K of RAM. The de fau l t  column width o f  9 spaces per c e l l  i s  
used, but a l l  func t ions  are computed t o  12 places and rounded t o  
the  nearest integer.  Calculat ions proceed from l e f t  t o  r i g h t  
across rows, s t a r t i n g  a t  the  top l e f t  and f i n i s h i n g  a t  t he  bottom 
r i g h t  of the matrix. One run  through the  2025 c e l l s  requ i res  45 
seconds. The layout  cons is ts  af 2 se ts  o f  populat ion s t ruc tu re  
data ( f o r  boars and f o r  sows) based on a 6-month t ime i n t e r v a l  
(13 age classes p l us  t o t a l s  by 40 seasons o r  20 years, p lus  4 
rows f o r  l abe ls  a t  t he  top) ,  and one set  o-f 15 summary 
s t a t i s t i c s .  This layout  was designed t o  be p r i n t ed  by an Epeon 
M X 8 0  p r i n t e r  using "compressed type" (L ien 1982) w i th  the  3 
sect ions placed one a f t e r  t he  other on 2 standard, l e t te r - s i zed  
sheets of paper (Figure 1) . 
With the  necessary b i o l og i ca l  data i n  hand it took me a day t o  
construct  and f ine-tune the  basic model. The d e t a i l s  of  t he  
funct ions and summary s t a t i s t i c s  are l i s t e d  f o r  t he  f i rst  6 rows 
of  t he  spreadsheet i n  the  ~ppend ix .  The f ine-tuning was 
accomplished by varying the  surv ivorsh ip  func t ions  as described 
above. When attempting t o  enter such la rge  numbers o f  func t ions  
i n t o  VISICALC one should switch the  r eca l cu l a t i on  command t o  
manual s t a r t  mode and work from l e f t  t o  r i g h t  down the  rows. 
Once row 6 ( the  second t ime i n t e r v a l  > has been entered, a l l  
remaining rows can be f i l l e d  i n  a few minutes w i th  the  V I S I C A L C  
r e p l i c a t e  command. With more RAM the  number o f  rows, hence years 
i n  a run, can be increased accordingly. Each row of the  p i g  
model requi res about 2K RAM. 



The model assumes t h a t  both sexes have i d e n t i c a l  
surv ivorship func t ions  and t h a t  t he  primary sex r a t i o  i s  
even. I t  a lsa  assumes t ha t  animals over 6 months o f  age are 
adults, t h a t  on ly  adu l t s  a re  harvested, t h a t  they a r e  harvested 
non-select ively f o r  age, and t h a t  on ly  the  a d u l t  
populat ion i s  important i n  determining t h e  degree ob 
i n t r a s p e c i f i c  competit ion. Moreover, it i s  assumed t h a t  t he  
populat ion i s  f ood-1 i m i  ted, t h a t  na tu ra l  predators are 
unimportant, and t h a t  both n a t a l i t y  and su r v i  vorshi  p are  l i n e a r  
funct ions o f  t he  r a t i o  o f  t h e  adu l t  populat ion t o  seasonal CC. 

Sows produce t h e i r  f i r s t  1 i t t e r  when about a year o l d  and 
continue t o  farrow about tw ice  a year the rea f te r  (Bar re t t  1978). 
Thus, b i r t h  r a t e s  represent the  average number o-f young produced 
per sow f o r  each &month season ( f e r t i l i t y  and fecundi ty  are no t  
d ist inguished) , modif ied by the  pro-harvest populat ion t o  CC 
r a t i o .  Survivorship is a func t ion  o f  t he  a d u l t  populat ion 
remaining a f t e r  harvest  r e l a t i v e  t o  t h e  seasonal CC. Hence, 
hunting m o r t a l i t y  i s  assumed t o  be compensatory w i th  natura l  
mor ta l i t y .  The dens i ty  dependence oC p i g l e t  su rv i va l  i s  assumed 
t o  be considerably greater than t h a t  o f  adu l t  su rv i va l  ; i n  fac t ,  
t h i s  i s  t he  primary regu la to ry  mechanism i n  the  model. There i s  
nothing sacred about the  assumptions used; the  model could e a s i l y  
be madif i ed t o  encompase d i f f e r e n t  assumptions. 

Once established, the  basic model was run  t o  determine the  s t ab l e  
age d i s t r i b u t i o n  a t  CC and f o r  a range of  harvest r a t es  (1 t o  
58.3%). Over 100 years were- requi red f o r  stabf l i z a t i o n  w i th  t h e  
higher harvest rates.  A summary o f  these r e s u l t s  i s  presented i n  
Figure 2 ,  O f  greater p rac t i ca l  value would be analyses o f  
harvests se lec t i ve  f o r  o lder boars o r  other classes, o r  of known 
harvest schedules i f  the  data were avai lab1 e. 

I also  ran the  model a f t e r  enter ing seasonal CC's randomized 
separately f o r  f a l l -w i n t e r  ( t o  mimic v a r i a t i o n  i n  acorn 
a v a i l a b i l i t y )  and spring-summer ( t o  mimic va r i a t i on  i n  the  e f f e c t  
of spr ing r a i n f a l l  on the  a v a i l a b i l i t y  of green herbs). The 
impact of these s tochast ic  pat terns along w i th  no harvests, and 
w i th  the  sex-specif ic harvests recorded f o r  t he  Dye Creek 
Preserve i s  i l l u s t r a t e d  i n  Figure 3. 

SUMMQRY AND CONCLUSIONS 

The example above i 1 l u s t r a t es  thb  considerable power now 
p o t e n t i a l l y  ava i lab le  t o  any f i e l d  b i o l o g i s t  w i l l i n g  t o  make a 
modest investment of t ime i n  learn ing t o  use eas i l y  obtainable 
sof tware f o r  microcomputers, I invested approximately 20 hours 
i n  learn ing t o  use the  basic spreadsheet program. Population 
modeling i s  only one use of t h i s  equipment. However, populat ion 
modeling alone would j u s t i f y  the  use of these t o o l s  by a 
b i o l o g i s t  charged w i th  managing important w i  l d l  i f e populations. 

A competent programmer could w r i t e  s im i la r ,  but  more e f f i c i e n t  



model i n g  programs f o r  spec i f i c  cases (poss ib ly  based on 
spreadsheet prototypes).  UnSortunately few such programs are  
present ly  ava i l ab le  t o  the  average f i e l d  b i o l og i s t .  An important 
aspect o f  b u i l d i n g  one's own models on s i t e  w i th  easy-to-use 
software i s  t h a t  f i e l d  b i o l o g i s t s  a re  more l i k e l y  t o  enjoy t h e  
sa t i s f ac t i on  o-f using t h e i r  own c r e a t i v i t y  and in t ima te  knowledge 
of l a c a l  populat ions t o  b u i l d  models t a i l o r e d  t o  t h e i r  s p e c i f i c  
needs. They are  a l so  l i k e l y  t o  develop a b e t t e r  understanding a f  
the  dynamics o f  t he  resources they m u s t  manage i n  the  process, 

Acknowledgements.--This p ro j ec t  was supported i n  p a r t  by 
McIntyre-Stennis P ro jec t  3501 through t he  C a l i f o r n i a  Agr i cu l tu ra l  
Experiment Stat ion. I thank the  Dye Creek Preserve f o r  
assistance i n  ob ta in ing  data on the  dynamics o f  f e r a l  p i g  
populations, and Hawaii Volcanoes Nat ional  Park f o r  prov id ing 
support whi le  prepar ing t h e  manuscript, Detai l e d  i ns t r uc t i ons  f o r  
using the  p i g  model a re  ava i l ab le  from t he  author. 

LITERATURE CITED 

BARRETT, R.H. 1978. The +era1 hog on the  Dye Creek Ranch, 
Ca l i fo rn ia .  H i l ga rd ia  46(9):283-355. 

BUNNELL, F.L. AND D.E.N. TQIT. 1978. Populat ion dynamics of  
bears--implications. Pages 75-98 i n  C.W. Fowler 
and T. Smith, eds. Dynamics of  l a rge  mammal populations. 
John Wiley & Sons, N.Y, 473pp. 

CASTLEW I TZ, D. M. , L. J . CH ISANSKY AND P. KRONBERG. 1982. 
VISICALC home and o f f i c e  companion. Osborne/McGraw-Hill, 
Berkeley, Ca. 181pp. 

CAUGHLEY, G. 1977. Analysis of  ver tebrate populations. 
John W i  l e y  St Sons, N.Y. 234pp. 

CONLEY, W. 1978. Populat ion modeling. Pages 305-320 i n  
J.S, Schmidt and D.L. G i lber t ,  eds. Big game o f  North America. 
Stackpol e Books, Harrisburg, Pa. 494pp. 

CONLEY, W. AND J.D. NICHOLS. 1978, The use o+ models i n  small 
mammal populat ion studies. Pages 14-37 i n  D. P. Snyder, ed. 
Populations o f  small mammals under na tu ra l  condit ions. 
Pymatuning Lab. Ecol., Spec. Publ. Ser. Vol. 5. 237pp, 

COWPIRDIN, L. M. FIND D. H. JOHNSON. 1979, Mathematics and ma1 1 ard 
management. J. Wi ld l .  Manage, 43(1):18-35. 

EWING, R. 1982. VISITREND/PLOT (1.0) user 's guide f o r  the IBM 
Personal Computer. VisiCorp Personal Software, San Jose, Ca. 
n.p. 

FOWLER, C.W. AND T. SMITH. 197X Character iz ing s tab le  
populations: on appl i c a t i o n s  t o  the  Af r i can  elephant 
population. J. Wi ld l  . Manage. 37(4) :513-523. 

GRIER, J.W. 1980. Modeling approaches t o  ba ld  eagle populat ion 
dynamics. Wi ld l .  Soc. Bu l l .  8(4):316-322. 

EALISH, C.E. AND M.F. MAYER. 1981. DIF: a format f o r  data 
exchange between appl icat ions programs, BYTE Mag 6(11):  

LIEN, D.A. 1982. Epson MX p r i n t e r  manual, GraftraxPlus, 
Compusoft Publishing, San Diego, Ca. n.p. 



LOBDELL, C. H., K, E. CASE AND H. S. MOSBY. 1972. Evaluat ion o f  
harvest s t r a t eg i es  f o r  a simulated w i l d  turkey population. 
3. Wildl .  Manage. 36(2):493-497. 

PENNYCUICK, L, 1969. A* computer model o+ t h e  Oxford great tit 
population. J. Theor. B i o l .  22t ):381-400. 

SAVIDGE, J. R. AND Z IESENIS. 1980, Sustained y i e l  d management .. 
Pages 405-409 in S.D, Schemni tr, ed. W i  l d l  i f  e management 
techniques manual, 4 th  ed., rev, The W i l d l i f e  Society, 
Wash., D.C, 686pp. 

TIPTON, A,R. 1977. The use of populat ion models i n  research and 
management o f  w i l d  hogs- Pages 91-lQ1 in G.W. Wood, ed. 
Research and management o f  w i l d  hog populations. Be l l e  Baruch 
For, Sci. Inst., Georgetown, S.C, L13pp. 

TIPTON, A.R. 1980. Mathematical modeling i n  w i l d l i + e  management, 
Pages 211-220 in S.D. Schemnitz, ed, W i l d l i f e  management 
techniques manual, 4 t h  ed., rev, The W i l d l i f e  Society, 
Wash., D-C. 686pp. 

WALTERS, C. J. AND J. E. GROSS. 1972. Development of  b i g  game 
management p lans through s imulat ion model i ng. J. W i  l d l  . 
Manage. 36 (1 : 119-128. 

WILLIAMS, R.E. AND B.J. TAYLOR. 1981. The power o f  VISICALC. 
Management Information Source, Port land, O r .  88pp. 

WOLVERTON, V. 1981. VrSICALC (1.1) guide, 2nd ed., IBM Personal 
Computer Prof  ess i  onal Series, Boca Raton, F1. n, p. 

ZIESENIS, J.S. AND L. ADAMS. 1980. Computer app l i ca t ions  i n  
w i l d l i f e  management, Pages 203-209 in S. D. Schemnitz, ed. 
W i l d l i f e  management techniques manual, 4 th  ed., rev. The 
W i l d l i f e  Society, Wash., D.C. 686pp. 



F i g u r e  H e a d i n g s  

F i g u r e  1. Example  o+ p r i n t o u t  f r o m  a V I S I C A L C  model f o r  
s i m u l a t i n g  f e r a l  p i g  p o p u l a t i o n s .  O n l y  2 t i m e  p e r i o d s  are  shown. 

F i g u r e  2. S u s t a i n e d  y i e l d  ( A .  a n d  i n s t a n t a n e o u s  ra te  of i n c r e a s e  
(8.1 i m p l i e d  by  t h e  n a t a l i t y  a n d  s u r v i v o r s h i p  s c h e d u l e s  
i n c o r p o r a t e d  i n  t h e  f e r a l  p i g  model .  H a r v e s t  rates ( %  of 
p r e - h a r v e s t  a d u l t  p o p u l a t i o n )  are i n d i c a t e d  f o r  s e l e c t e d  p o i n t s  
a l o n g  e a c h  c u r v e .  

F i g u r e  3. S i m u l a t e d  r e s p o n s e  of  t h e  Dye C r e e k  f e r a l  p i g  
p o p u l a t i o n  t o  random v a r i a t i o n  i n  t h e  s e a s o n a l  c a r r y i n g  c a p a c i t y  
(A.  and  i n  a d d i t i o n ,  s e x - s p e c i f  i c  h a r v e s t s  a s  r e c o r d e d  b y  t h e  Dye 
Creek  P r e s e r v e  (R. 1 .  H a r v e s t s  p r i o r  t o  1967 a r e  estimates b a s e d  
on t h e  r e c o r d  f o r  i967 a t  which  t i m e  t h e r e  w a s  s e l e c t i o n  f o r  
t r o p h y  b o a r s .  ' 



-FERAL PIG POPULATION HODEL - SIX HONTH CYCLE - LINEAR DENSITY DEPENDENT REGULATION BY SEASONAL CARRYING CAPACITY - FERCENTfiGE HARVEST 
This version ca lcu lates s t a r t i n g  (s tab le age) s t ructure f r o r  given CC - ENTER LC HERE[KZI( 1000) AND PRESS I 
P r i n t  instruct ions: IGFIIPP""HOFAH5F 045 )W3 Use t h i s  template t o  set up a run; update legend before p r in t ing .  

YEAR # 6.5 # 6.0 N 5.5 H 5.0 
StartPop 2 ' 5  8 12 

.5 2 5 8 12 

- 
YEAR F 6.5 F 6.0 F 5.5 F 5.0 

StartPop 2 5 8 12 
.5 2 5 8 12 

- 
TOT 3+H TOT 3+F TOT AD SEAS.CC PreHvNIK 

127 127 1000 10001.000019 
127 127 1000 1000 1.000019 

ADDPGL TOTPGLTS TOT POP Hvll T+1 HvF T+l 
1483 1918 2918 0 0 
1483 1918 2918 0 0 

N 2.0 # 1.5 H 1.0 PI 0.5 TOTAL H 
46 50 77 153 500 
46 58 77 153 500 
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APPEND I X 

The following is a listing of the first 6 lines of a VISICALC 
template designed to model the dynamics of a harvested feral pig 
population. The alphanumeric designations to the left indicate 
the template cell -into which the material following should be 
entered. Letters indicate columns (1-45). 

41: "FERAL PIG 
B 1 : " FOFULAT I 
C1: "ON MODEL 
Dl: "-  SIX MON 
El: 'TH CYCLE 
F1: "- LINEAR 
GI: "DENSITY D 
H 1 : "EPENDENT 
I1 : "REGULATIO 
J1:"N BY SEAS 
Ki : "ONAL CARR 
Li: 'YING CAFA 
Mi: "CITY - AH 
N1:"SOLUTE HA 
01: "RVEST 
pl:">p% /PP"" 
(2 1 : " HOF^HSF A 
R1: "D45 :ML3 
AEi:":>AE3 /FPu 
A F  1 : I l  /..HC]F.'%HSF 

AG1: "AS45 
A2: "This vers 
B2: "ion calcu 
C2: "lates sta 
D2:"rting (st 
E2: "able age) 
F2: " structur 
3.7. 
UL. " e  from cji 
H2: " v e n  CC - 
12: "ENTER CC 
Jz: "HEREKT ( 
1::: 2 : 1 (1) (1) (1) 
L2:") AND FRE 
Ma: "SS  ! 
A3: "Print ins 
83:  "tructians 
C3: ": /GFI/PP 
D3: ll l l  A.H1:]F.""HSF 
E3: " 045 :::.W3 
F3: "Use  this 
G3: "template 
H3: "ta set up 
13: " a r u n ;  LI 

J3: "pdate l e g  
I.:::3: " e n d  bef  or 



L3:"e p r i n t i n  
MS: "g. 

YEAR 
M 6.5 
M 6.0 
M 5.5 
M 5.0 
M 4.5 
M 4.0 
M 3.5 
M 3.0 
M 2.5 
M 2.0 
M 1.5 
M 1.0 
M 0.5 

TOTAL M 
YEAR 
F 6.3 
F 6.0 
F 5.5 
F 5.0 
F 4.5 
F 4 . 0  
F 3.5 
F 5.0 
F 2.5 
F.2.0 
F 1.5 
F 1 . 0 
F (3 . 5 

TOTAL F 
TOT 3+M 
TOT 3+F 

TOT 4D 
SEAS. CC 

FreHvW/K 
ADDF'GL 

TOTF'GLTS 
TOT POP 
HvM T+1 
HvF T+1 

% H v  
AF4: "F'ostHvN/F:: 
AQ4 : " B: 1 OC)SOW 
AR4:  F': 10C)SOW 
AS4: " Fi: 100SOW 

A 5 :  " StartF'op 
85: +K:2*. (:)(:I 1852(:)23 
13: +t:::2jc. (:)(:)463r:) I r:) 1 
D5 : +F::3. 0(:)77 16883 
E5: +t:::2*. (1) 1 1872 170 
F5: +t:::2*. (1) 1 &96(337<:) 
(35: +t<2* (3226 13741:) 
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HOW TO RUN THE FERAL PIG MODEL (TEMPLATE) ON VISICALC (IBM-PC) 

Load VISICALC p r o g r a m  d i s k  i n  l e f t  d r i v e  ( A )  a n d  t h e  d a t a  d i s k  
w i t h  t h e  t e m p l a t e  i n  t h e  r i g h t  d r i v e  (B). 

T u r n  o n  t h e  c o m p u t e r  a n d  t h e  p r i n t e r .  T h e  VISICALC d i s k  c a n  
b e  r e m o v e d  far  s a f e k e e p i n g  when d r i v e  A s t o p s .  

Load  t h e  p r o g r a m  i n t o  RAM; w a t c h  as  t h e  b y t e  i n d i c a t o r  i n  t h e  
t o p  r i g h t  c o r n e r  d i s p l a y s  t h e  d e c l i n i n g  space r a m a i n i n g  i n  
RAM; a n  e x c l a m a t i o n  p o i n t  w i l l  d i s p l a y  w h i l e  t h e  model  is 
m a k i n g  its i n i t i a l  r u n .  .C& m i n >  

TYPE /SL C a p s L o c k  B:FFMODEL. VC c:E>, w h e r e  c:E::> m e a n s  e n t e r  

D e t e r m i n e  c a r r y i n g  c a p a c i t y  (CC=K) f o r  u n h a r v e s t e d  p o p u l a t i o n  
f o r  t h e  area of i n t e r e s t  a n d  e n t e r  v a l u e  a t  EZ. Run model  t o  
e s t a b l i s h  s t a b l e  a g e  d i s t r i b u i  t i o n  o f  u n h u n t e d  p o p u l a t i o n  i n  a 
s t a b l e  e n v i r o n m e n t .  C 3  min>  - 

Check t o  see i f  t h e  "PreHvN/KN c o l u m n  h a s  s t a b i l i z e d  t o  a 
series o f  e q u a l  v a l u e s  ( c o l u m n  A 1  s h o u l d  r e a d  1. Q(30Q19 i f  t h e  
p o p u l a t i o n  s t a b i l i z e s  a t  CC) for a t  leas t  s e v e r a l  l i n e s .  I f  
so ,  p r o c e e d  t o  S t e p  7; i f  n o t ,  r e p e a t  S t e p  6 a s  n e c e s s a r y  u n t i l  
t h e  a b o v e  c i r t e r i a  a r e  m e t .  T h i s  s h o u l d  n o t  b e  n e c e s s a r y  i f  
t h e  h a r v e s t  c o l u m n s  ( A M ,  A N )  r e m a i n  set t o  z e r o  a5 t h e  
temp1 a te  a u t o m a t i c a l l y  cal c u l  a t e s  t h e  s t a b l e  a g e  d i s t r i b u t i o n  
a t  CC. C0.5 min3  

T h i s  s t e p  d e s c r i b e s  t h e  p r o c e d u r e  f o r  c o n t i n u i n g  a m o d e l i n g  
r u n  f a r  a n  a d d i t i o n a l  20 y e a r s  b y  " r e c y c l i n g "  t h e  b o t t o m  r o w  
o f  t h e  s p r e a d s h e e t  m a t r i x  t o  t h e  t o p  row. T h e  p r o c e s s  c a n  b e  
r e p e a t e d  i n d e f i n i t e l y .  I f  p r i n t o u t s  a r e  made f o r  e a c h  c y c l e  
t h e y  s h o u l d  h a v e  t h e  a p p r o p r i a t e  s t a r t i n g  y e a r  ( y )  e n t e r e d  a t  
A 5  a n d  PS b e f o r e  p r i n t i n g  (see S t e p  9 f o r  p r i n t i n g  
i n s t r u c t i o n s )  . A l s o ,  t h e  b e g i n n i n g  row, such a s  t h e  
i n i t i a l  s t a b l e  a g e  d i s t r i b u t i o n ,  may alsa b e  s a v e d  i n  a 
s i m i  l a r  manner  i f  a d d i t i o n a l -  r u n s  b e g i n n i n g  w i t h  
t h i s  p o p u l a t i u n  s t r u c t u r e  a re  e n v i s i o n e d  ( t h e  mechan i sm f o r  
e s t a b l i s h i n g  t h e  i n i t i a l  s t r u c t u r e  is l a s t  a f t e r  t h e  f i r s t  
r e c y c l i n g ) .  A " s c r a t c h  d i s k "  may be u s e d  t o  t e m p o r a r i l y  s a v e  
d a t a  i n t e r c h a n g e  f o r m a t  (DIF) f i l e s  d u r i n g  t h e  r e c y c l i n g  
p r o c e s s  r a t h e r  t h a n  c l u t t e r i n g  u p  t h e  m a i n  t e m p l a t e  d i s k  ( n o t e  
t h a t  o n l y  3 c o p i e s  of  t h e  t e m p l a t e  w i l l  f i t  o n  a d o u b l e - s i d e d  
d i s k  s o  t h e r e  is n a t  much room leCt o v e r  f o r  m i s c e l l a n e a u s  
f i l e s ) .  R e p l a c e  t h e  p i g  model  ( t e m p l a t e )  d i s k  w i t h  a s c r a t c h  
d i s k  now ( D r i v e  B). I3 min p e r  c y c l e :  



TYFE /S#SB:Cfilename eg.PlHOYZO f o r  pop 1,U harvest ,yr  20Ie::E) 
AS45 .::E> 
H 
>.A5 (E> 
/S#LB: [ f i lename o r  -> t o  see f n  on prompt l i n e 1  <E> 
R 
(Return t o  Step 5 )  

7. To determine t h e  e f f e c t  o f  va ry ing  c a r r y i n g  capac i ty  you can 
enter  any s e r i e s  o f  values (K )  des i red i n t o  column AH. For 
example, yau cou ld  use percentage dev ia t i ons  from normal r a i n  
f a l l  t o  modify t h e  average c a r r y i n g  capac i t y  seasonally. O r ,  
you could s imply  use random numbers generated f o r  any des i red 
frequency d i s t r i b u t i o n ( s 1 .  44 min> 

a TYPE M H 5  
CKIII  

El. When you are  s a t i s f i e d  w i t h  a p a r t i c u l a r  sequence of  seasonal 
ca r r y i ng  capac i t i es ,  whether constant o r  va r i ed  i n  some 
fashon, you can look a t  t he  e f f e c t  o f  ha rves t ing  a d u l t  (b+mo) 
p i g s  on a nonse lec t i ve  bas i s  ( i e .  a l l  sex and age c lasses a re  
harvest  i n  exact  p ropo r t i on  t o  t h e i r  occurrence i n  the  
pre-harvest popul a t i o n  1. The impact o f  ha rves t ing  w i  11 be 
most c l e a r  when c a r r y i n g  capac i ty  is h e l d  constant.  Harvests ' 

may be entered as 1) a percentage o f  t h e  a d u l t  populat ion,  
2 )  a constant number over time, o r  3) a s e r i e s  o f  any values 
desi red (as might be t he  case i f  mimicing a h i s t o r i c a l l y  
recorded harvest  p a t t e r n ) .  The model w i l l  a l so  accomodate sex 
s p e c i f i c  harvests  (but  s t i l l  no s e l e c t i o n  f o r  age) by en te r i ng  
d i f f e r e n t  values i n  columns AM and AN. I t  i s  r e l a t i v e l y  easy 
t o  modify t h e  model ( template)  t o  p rov ide  f o r  age as we l l  as 
sex s p e c i f i c  harvests  i f  desired, bu t  t h a t  procedure w i l l  n o t  
be covered here. To harvest  a g iven percentage of  the  a d u l t  
popu la t ian each season (eg. 30%) proceed by e d i t i n g  t he  
"HvM T+1" column (AM)  and running t he  model. .EZ m i  n> 

TYPE :::.AM5 .< E>* 
/ E- :>.- '::.- . ':.- .. 15.- :::.- :>.Del 3 .::: E >. 
/R .:: E:::. 

< 

Am6. A M 4 9  .:::El::. 
R 
! (Note: when en te r i ng  s t a r t i n g  popu la t ion 

s t r u c t u r e  from a D I F  f i l e  manual 
r e c a l c u l a t i o n  i 5 unnecessary here)  

I f  you wish t o  determine how many years a re  requ i red  t o  
develop a s t a b l e  age d i s t r i b u t i o n ,  check calumn A 1  f o r  t he  
year in which t h e  "PreHvN/Kn r a t i o  becomes f i x e d .  I f  i t  i s  
s t i l l  changing by year 20 then proceed t o  the  r e c y c l i n g  



m a n o e u v e r  d e s c r i b e d  i n  S t e p  6; r e p e a t  a s  n e c e s s a r y  t o  o b t a i n  
a s t a b l e  a g e  d i s t r i b u t i o n .  

To h a r v e s t  a v a r i a b l e  number  o f  i n d i v i d u a l s  o v e r  t i m e  s i m p l y  
e n t e r  t h e  d e s i r e d  v a l u e s  i n  c o l u m n  AM ( i f  b o t h  sexes h a r v e s t e d  
e q u a l l y ) ,  o r  c o l u m n s  AM a n d  AN f o r  b o a r s  a n d  s o w s ,  
r e s p e c t i v e l y .  Run t h e  model b y  t y p i n g  " ! ". 

9. T h e  c h e a p e s t  way t o  see t h e  r e s u l t s  o f  a r u n  is t o  scrol l  
a r o u n d  t h e  s p r e a d s h e e t .  To o b t a i n  a " h a r d  c o p y "  o f  w h a t  y o u  
see y o u  may p r i n t  t h e  e n t i r e  s p r e a d s h e e t  m a t r i x  o n  t w o  8.5~11" 
p a g e s  b y  b r e a k i n g  t h e  m a t r i x  i n t o  t h r e e  e q u a l  s e c t i o n s  a s  
f o l l o w s .  Note t h a t  t h e  same i n s t r u c t i o n s  c a n  b e  f o l l o w e d  
d i r e c t l y  o n  t h e  s c r e e n  a s  t h e y  a re  e n c o r p o r a t e d  i n  t h e  
t e m p l a t e  h e a d i n g .  .tb m i n l  

To c o n s t r u c t  a y i e l d  c u r v e  ( o f  t h e  v a r i o u s  a b s o l u t e  h a r v e s t s  
t h a t  c a n  b e  s u s t a i n e d  by  i n c r e a s i n g  p e r c e n t a g e  h a r v e s t  rates,  
f o r  e x a m p l e ) ,  make a series o f  r u n s ,  e a c h  f o r  a g i v e n  h a r v e s t  
r a t e  ( s a y  2.5% i n c r e m e n t s ) .  You may n e e d  t o  r e c y c l e  up t o  
s e v e r a l  t i m e s ,  e s p e c i a l l y  w i t h  t h e  h i g h e r  h a r v e s t  rates,  w h i c h  
t a k e  o v e r  100 y e a r s  t o  r e a c h  a s t a b l e  a g e  d i s t r i b u t i o n .  S i n c e  
a r e c y c l e  f o r c e s  a s p r e a d s h e e t  r e c a l c u l a t i o n  y o u  s h o u l d  set u p  
a n y  n e w  h a r v e s t  s c h e d u l e  p r i o r  t o  r e c y c l i n g  t h e  b e g i n n i n g  a g e  
s t r u c t u r e .  To keep a r e c o r d  o f  e a c h  r u n  y o u  c a n  p r i n t  a h a r d  
c o p y .  H e  s u r e  t o  n o t e  t h e  s t a r t i n g  y e a r  i f  n o t  z e r o  a t  A 5  a n d  
P5 ( a n d  t h e  e n d i n g  y e a r  a t  A 4 5  a n d  F45) b e f o r e  p r i n t i n g .  
A l s o ,  i f  y o u  w i s h  to g r a p h  t h e  p o p u l a t i o n  t r e n d  ( o r  t h a t  o f  
a n y  o t h e r  s t a t i s t i c )  o v e r  t h e  t i m e  i t  t a k e s  t h e  a g e  s t r u c t u r e  
t o  s t a b i l i z e  f o r  a g i v e n  h a r v e s t  r a t e  y o u  must a l s o  s a v e  t h e  
a p p r o p r i a t e  c o l u m n ( s )  { A G  f o r  a d u l t  p o p u l a t i o n )  i n  DIF f i l e s  
f o r  t r a n s f e r  t o  VISIFLOT.  he f o l l o w i n g  l i s t i n g  is  t h e  
recommended s e q u e n c e  f o r  d e t e r m i n i n g  t h e  s t a b l e  a g e  
d i s t r i b u t i o n  f o r  a h a r v e s t  r a t e  o f  47.5%; i t  i n v o l v e s  o n e  
r e c y c l i n g .  I t  a s s u m e s  y o u  are s t a r t i n g  w i t h  t h e  p i g  model  
t e m p l a t e  l o a d e d ,  b u t  n o  h a r v e s t  r a te  h a s  b e e n  s p e c i f i e d  y e t .  
F i n a l l y ,  i t  a s s u m e s  t h a t  a s c r a t c h  d i s k  is i n  d r i v e  B w i t h  a 
DIF f i l e  CB:DCFF'O.DIFI f o r  t h e  s t a b l e  a g e  d i s t r i b u t i o n  a t  
cc. .[20 min: 



(Note: w a i t  t w o  m i n u t e s )  

(Note: w a i t  t w o  m i n u t e s )  

(Note: w a i t  f e w  s e c o n d s )  

(Note: i f  a D I F  f i l e  CE:Xl.DIFI a l r e a d y  e x i s t s  f r o m  a p r i o r  
r e c y c l e  j u s t  t y p e  " Y "  a n d  c o n t i n u e  s i n c e  t h i s  f i l e  s p a c e  w i l l  
a l w a y s  r e p r e s e n t  o n e  row o f  t h e  m a t r i x  a n d  t h u s  r e m a i n  t h e ,  
same s i z e )  

A S 4 5  .::E>. 
R (Note: w a i t  a f e w  s e c o n d s )  
:';A5 (E:> 
/S#LB: X1.DIF .:::E::. 
R (Note: w a i t  t w o  m i n u t e s )  
Z(] .<E;) 
'::. p 5 .::: E 1::. 
2 (-1 .::: E ;. 

(Note: a n o t h e r  r o u n d  o f  p r i n t i n g  w o u l d  n o r m a l l y  b e  d o n e  h e r e  
r e q ~ i i r i n g  a b o u t  6 m i n u t e s ;  see S t e p  9) 

(Note: s c r o l l  down co lumn A 1  u n t i l  y o u  r e a c h  t h e  t o p  row o f  
a s t a b l e  series; s c r o l l  l e f t  t o  c o l u m n  F t o  r e a d  t h e  y e a r ;  
remember  t o  a d d  20 y e a r s  t o  t h i s  v a l u e  f o r  t o t a l  y e a r s  
n e c e s s a r y  f o r  t h e  model  s t r u c t u r e  t o  s t a b i l i z e - - t h i s  w i l l  
b e  some t i m e  a f t e r  t h e  i n t i g e r  v a l u e s  s t a b i l i z e  on t h e  
p r i n t o u t  s i n c e  t h e  N/K r a t i o  is c a r r i e d  t o  8 d e c i m a l  p l a c e s )  



::+345 s:E> 
C y e a r s  t o  s t a b i l i z e 1  .::E) 
> A 4 5  .::E) 
C y e a r s  t o  s t a b i l i z e 1  (E::. 
/S#SB: DCFP475 <E> 
AS45 <E> 
R (Note: w a i t  a f e w  s e c o n d s )  

(Note: now y o u  s h o u l d  h a v e  1) p r i n t o u t s  o f  t h e  m a t r i x  o v e r  a 
t o t a l  of 40 y e a r s ,  2) t w o  D I F  f i l e s  tB:DC475Xl,DIF a n d  
B: DC475X2. D I F I  t h a t  c a n  b e  c o m b i n e d  t o  g r a p h  p o p u l a t i o n  
t r e n d  over 40 y e a r s  u s i n g  VISIPLOT, a n d  3) a DIF  f i l e  
CB:DCFP475.DIFl t h a t  c a n  b e  e n t e r e d  i n t o  a new VISICALC 
t e m p l a t e  t h a t  w i l l  i n c l u d e  a l l  f i l e s  ( s t a b l e  a g e  
d i s t r i b u t i o n s )  f o r  t h e  set o f  h a r v e s t s  s i m u l a t e d )  

11. Once  y o u  h a v e  f i n i s h e d  a1 1 t h e  r u n s  y o u  w i s h  t o  m a k e  w i t h  
VISICALC f o r  t h e  t i m e  b e i n g  y o u  may w a n t  t o  p r o d u c e  g r a p h s  of 
c e r t a i n  s t a t i s t i c s  o v e r  t i m e ,  s u c h  as  t h e  t r e n d  i n  a d u l t  
p o p u l a t i o n .  T h i s  is a c c o m p l i s h e d  most e a s i l y  i f  y o u  h a v e  
remembered  t o  s a v e  a l l  t h e  c o l u m n s  o f  d a t a  you  e x p e c t  t o  g r a p h  
i n  DIF f i l e s .  A s s u m i n g  y o u  h a v e  t w o  s u c h  f i l e s  f o r  t h e  t r e n d  
of  a d u l t  p o p u l a t i o n  over t w o  2 0 - y e a r  p e r i o d s  a n d  want  t o  g r a p h  
t h e m  as  o n e  4 0 - y e a r  s e q u e n c e ,  y o u  are now r e a d y  t o  
s w i t c h  f r o m  VISICALC t o  VISIPLOT. I f  y o u  h a v e  n o t  a l r e a d y  
r e m o v e d  t h e  VISICALC p r o g r a m  d i s k e t t e  f r o m  d r i v e  A r e p l a c e  i t  
now w i t h  t h e  f i r s t  VISIFLOT d i s k e t t e .  Make s u r e  t h e  p r i n t e r  
c o l o r  m o n i t o r  are o n .  I f  y o u  are u s i n g  a TV set i n s t e a d  o f  a 
c o l o r  m o n i t o r  t u r n  i t  o n .  N o w  d e p r e s s  t h e  C t r l  a n d  A l t  k e y s  
w h i l e  p r e s s i n g  t h e  D e l  k e y  t o  s t a r t  l o a d i n g  t h e  VISIFLOT 
p r o g r a m .  I n  a f e w  s e c o n d s  when i n s t r u c t i o n s  a p p e a r  on t h e  
m o n i t o r ,  r e p l a c e  t h e  f i r s t  VISIPLOT d i s k e t t e  w i t h  t h e  s e c o n d  
i n  d r l v e  A a n d  p r e s s  .:::E::.. The  s c r a t c h  d i s k  w i t h  DIF f i l e s  
s h o u l d  r e m a i n  i n  d r i v e  R. I f  y o u  w i s h  t o  s a v e  a n y  g r a p h i c s  o n  
d i s k  a s  w e l l  a s  m a k i n g  p r i n t e d  c o p i e s  y o u  m u s t  make s u r e  t h e r e  
is room (16000K p e r  g r a p h )  o n  t h e  s c r a t c h  d i s k  or  h a v e  a n o t h e r  
C o r m a t t e d  d i s k  r e a d y  j u s t  +or  g r a p h i c s .  A t t e m p t i n g  t o  s a v e  a 
g r a p h  o n  a f u l l  d i s k  w i l l  d e s t r o y  b o t h  t h e  g r a p h  a n d  p o s s i b l e  
some o t h e r  material o n  t h e  d i s k .  

VISIFLOT commands are u s e d  d i f f e r e n t l y  t h a n  t h o s e  o f  VISICALC 
i n  t h a t  t h e  e n t i r e  p r o g r a m  is m a n i p u l a t e d  v i a  a series o f  
h i e r a r c h i c a l  menus ,  e a c h  d i s p l a y i n g  a1 1 t h e  a v a i l a b l e  commands 
i n  E n g l i s h .  Commands may b e  i n v o k e d  b y  moving  t h e  c u r s o r  t o  
t h e  d e s i r e d  a c t i o n  a n d  .:::E>., or b y  t y p i n g  t h e  f i r s t  
t w o  le t ters  o f  t h e  command, i n  w h i c h  case  i t  w i l l  b e  a c t i v a t e d  
i m m e d i a t e l y  w i t h o u t  h a v i n g  t o  p r e s s  ,<E:::.. 

( N o t e :  s c r o l l  down list o f  DIF  f i l e s  u n t i l  you  locate  t h e  
c u r s o r  on t h e  f i r s t  o n e  w i t h  d a t a  y o u  w i s h  t o  g r a p h ;  p r e s s  
.:::E:::,; y o u  c a n  l o a d  o n l y  o n e  f i l e  a t  a t i m e  a l t h o u g h  a f i l e  may 
c o n t a i n  s e v e r a l  series ( c o l u m n s  o f  d a t a ) ;  i f  t h e  f i l e  d o e s  



c o n t a i n  mu1 t i p l e  series y o u  must r e p e a t  t h e  f  01 l o w i n g  
i n i t i a l i z a t i o n  p r o c e d u r e  f o r  e a c h  series i n  t h e  f i l e ;  i f  y o u r  
f i l e  is n o t  o n  t h e  f i r s t  s c r e e n  u s e  Cmorel t o  move o n  t o  t h e  
n e x t  set of f i l e s  o n  t h e  d i s k )  

B:DC47SX1. DIF (E) 
2 .: E >. (Note: p e r i o d i c i t y  is 2 6-mo 

p e r i o d s  p e r  y e a r )  
1962 .<E:';. (Note: s t a r t i n g  y e a r  f o r  series) 
2 .:: E > ( N o t e :  m i n o r  s t a r t  p e r i o d  is 2nd  

h a l +  o f  1962) 
EXIT <E> 
LOAD .:',E> 
B: DC475XZ. DIF <E> 
2 .:: E :> 
1962 <E:) 
2 (E>. 
EXIT .<E> 
EDIT .<ES 
TOT AD .:E3 (Note: t h i s  series is a l r e a d y  

t i t l e d  b e c a u s e  y o u  i n c l u d e d  t h e  
t i t l e  b y  s a v i n g  t h e  DIF f i l e  
f r o m  A64 r a t h e r  t h a n  AGS) 

(Note: move cursor down t o  s p a c e  
b e l o w  l a s t  e n t r y  i n  series) 

( N o t e :  e d i t  menu a p p e a r s )  

( N o t e :  s e c o n d  series o f  v a l u e s  is 
a d d e d  t o  b o t t o m  o f  f i r s t  a n d  t h e  
c u r s o r  is p l a c e d  a t  t h e  l a s t  
e n t r y  o f  t h e  + i r s t  series) 

(Note: y o u  m u s t  r e m o v e  a n e  o f  t h e  
p a i r  o f  i d e n t i c a l  v a l u e s  a s  b o t h  
a r e  f o r  y e a r  20 o f  t h e  r u n )  

(Note: move c u r s o r  down t o  
SERIES1 a n d  p r e s s  s p a c e  b a r  t h e n  
.<El:. t o  r e m o v e  e x c e s s  d a t a  f r o m  
RAM; y o u  c o u l d  a l s o  SAVE t h e  
n e w l y  e x p a n d e d  f i l e  i n  n o r m a l  or _ DIF f o r m a t  i f  y o u  e x p e c t  t o  u s e  
i t  a g a i n )  

PLOT .::E:r. ( N o t e :  t h e  p l o t  menu a p p e a r s )  
L 1 N E .:'; E 1::. 
TOT AD s:E3:- 
F L 0 T .:: E :::. ( N o t e :  l i n e  g r a p h  d i s p l a y e d  on 

c o l o r  m o n i t o r  o r  TV s c r e e n )  

(Nate: a t  t h i s  p o i n t  n u m e r o u s  a d d i t i o n a l  e m b e l l i s h m e n t s  
c a n  b e  a d d e d  tu t h e  g r a p h  i n c l u d i n g  s u p e r i m p o s i n g  many 
o t h e r  t r e n d  l i n e s ;  o p t i o n s  are so  n u m e r a u s  t h a t  y o u  



should become f ami 1 i a r  w i t h  t h e  VISIPLOT user % manual 
t o  make f u l l  use o f  them; here  we w i l l  assume t h e  graph 
i s  ready f o r  p r i n t i n g ;  advance t h e  p r i n t e r  paper 7 
l i n e s  t o  cen te r  t h e  graph on t h e  page) 

ESC .";E> 
PRINT <E> 
DRIVER <E> (Note: w a i t  a  minute f o r  d r i v e r  

menu) 
IBH 80CPS MATRIX NORMAL SIZE HIGH DENS 90 DEG ROT .::E> 
YES <:E> (Note: automat ic  1 i n e  feed)  
PRINT <E> (Note: ensure p r i n t e r  i s  "on 

l i n e "  t o  ge t  ac t i on )  

(Note: i f  and when t h e  graph i s  acceptable you can s t o r e  
a copy o f  i t  on d i s k  as f 01 1 ows: 1 

SCREEN .::E> 
SAVE .<E3:. (Note: w a i t  a  minute f o r  1 i s t  

af P IX  f i l e s )  
[NEW FILE3 <<E> 
C f  i 1 enamel (Note: eg. ADULTFOP) 

The graphing process i s  now complete and you can q u i t  o r  repeat  
any o f  t h e  r o u t i n e s  desi red.  Make sure  you make backup copies o f  
a l l  important  data on separate d isks;  they  have a h a b i t  of  f a i l i n g  
j u s t  when you don" have t ime  o r  f o r g e t  t o  do t h e  job  r i g h t .  You 
can enter  DOS d i r e c t l y  f rom VISIPLOT wi thou t  r e t y p i n g  date and 
t ime  by working up t h e  menus w i t h  EXIT and QUIT commands. 
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APPENDIX C. 

GRAPHICAL PRESENTATION OF DATA FOR THE DEPUTY RANGER PROGRAM 

The f o l l o w i n g  graphs were const ruc ted from a p o r t i o n  of t he  data 
. base l i s t e d  i n  APPENDIX A. Monthly data  are summarized f o r  sub- 

reg ions and t h e  e n t i r e  Park on a three-month bases also. 

HVNP PIG MGMT UNIT 1--MAUNA LOA 
Hunt ing effort..............,.,.......... 1 
Recorded kill............................... 2 
Mean p i g s  per group (catch per  u n i t  e f f o r t ) .  3 
Group success rate.......................... 4 

E Hunt ing recreation...........,............... J 

HVNP PIG MGMT UNIT 2--KIPUKA K I  
Hunt ing effort............................... b 
Recorded kill............................... 7 
Mean p i g s  per  group (catch per  u n i t  e f f o r t ) .  8 
Group success rate.......................... 9 
Hunt ing recreation.......................... 10 

HVNP PIG MGMT UNIT 3--0LAA TRKT 
Hunting effort............................... 11 
Recorded kill...,........................... 12 
Mean p i g s  per group (catch per  u n i t  e f f o r t ) .  13 
Group success rate.......................... 14 
Hunt ing recreation......................... 15 

HVNP PIG MGMT UNIT 4--EOOEOLAU 
Hunt ing effort........................,...... 16 
Recorded kill............................... 17 
Mean p i g s  per group (catch per u n i t  e f f o r t ) .  18 
Group success rate.......................... 19 
Hunt ing recreation....................,.... 20 

HVNP PIG MGMT UNIT 9--PUHIMAU 
Hunting effort..,............................ 21 
Recorded kill............................... 22 
Mean p i g s  per group (catch per  u n i t  e f f o r t ) .  23 
Group s~tccess rate.......................... 24 
Hunt ing recreation.......................... 25 

HVNP PIG MGMT UNIT 6--PUU HULUHULU 
Hunting effort.............................. 26 
Recorded kill............................... 27 
Mean p i g s  per group (catch per u n i t  e f f o r t ) .  28 
Group success rate...,...................... 29 

7 Hunting recreation.......................... .A) 
HVNP PIG MGMT UNIT 7--EALAPANA 

Hunting effort............................... 31 
'Tr)  Recorded kill............................... 

Mean p i g s  per group (catch per u n i t  e f f o r t ) .  33 
Group success rate.......................... 34 

7 t Y  Hunting recreat ion. .  . . . . . . . . . . . . . . . . . . . . . . . . . ~ d  

HVNP PIG MGMT UNIT 8--AINAHOU 
Hunting effort.. . . . . . . . . . . . . . , . . . . . . . . . . . . . .  36 
Recorded ki l l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 



HVNF' 

HVNP 

HVNP 

HVNP 

HVNP 

Mean p i g s  per  group (ca tch per u n i t  e f f o r t )  . 38 .......................... Group success r a t e  39 
Hunt ing r e c r e a t i o n  .......................... 40 
PIG MGMT UNIT 9-- HILINA PAL1 
Hunt ing e f f o r t  ............................ 41 
Recorded k i l l  ............................... 42 
Mean p i g s  per  group (ca tch per  u n i t  e f f o r t )  . 43 .......................... Group success r a t e  44 .......................... Hunt ing r e c r e a t i o n  45 
PIG MGMT UNIT la-- KAU 
Hunt ing e f f o r t  .............................. 46 
Recorded k i l l  ............................... 47 
Mean p i g s  per group (ca tch  per uni t  e f f o r t )  . 48 
Group success r a t e  .......................... 49 
Hunt ing r e c r e a t i o n  ........................... 50 
PIG MGMT UNIT 11-- KILAUEA 
Hunt ing e f f o r t  .............................. 51 
Recorded k i l l  ............................... 52 
Mean p i g s  per group (ca tch  per  u n i t  e f f o r t )  . 53 
Group success r a t e  .......................... 54 

C t=. Hunt ing r e c r e a t i o n  .......................... dd 

KILAUEA-KALAPANA REGIONAL SUMMARIES 
Hunt ing e f f o r t  .............................. 56 
Recorded k i l l  ............................... 57 
Mean p i g s  per group (ca tch per u n i t  e f f o r t )  . 58 
Group success r a t e  .......................... 59 
Hunt ing r e c r e a t i o n  ....................... 60 
TOTAL PARK SUMMARY 
Hunt ing e f f o r t  .............................. 61 
Recorded k i l l  ............................... 62 
Mean p i g s  per  group (ca tch  per u n i t  e f f o r t )  . 63 
Group success r a t e  .......................... 64 
Hunt ing r e c r e a t i o n  .......................... 65 



HUNP PIG MGMT U N I T  1 - H U N T I N G  EFFORT 
G ~ U T  



HUH! PIG MGMT UNIT 1 - RECORDED KILL 



HVNP PIG MCMT UNIT 1 - MElN PIGS PER GROUP 



HVNP PIC MGMT UNIT 1 - GROUP SUCCESS RllE 





HVNP PIG MCMT UNIT 2 - HUllIHG EFFORT 



HVNP PIC MCMT UNIT 2 - RECORDED KILL 



HUMP P I G  MCMT U N I l  2 - MElN PIGS PER GROUP 



HUNP P I G  MGMT U N I T  2 - CROUP SUCCESS RlIE 
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No Data 

78 79 



HVHP PIC MGMT UNIT 2 - HUNTING RECREllIOH 



HVNP P I G  MCMT U N I T  3 - H U N T I N G  EFFORT 
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HUMP PIG MCMT U N I T  3 - MEIN PIGS PER CROUP 
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HVNP P I G  MGMT UHI'T 3 - GROUP SUCCESS R1TE 
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HVHP PIG MGMT UNIT 3 - HUHTIHC RECRELTIOH 



HVNP PIC MCMT UNIT 4 - HUHTING EFFORT 
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HVNP PIC MCMT UNIT 4 - RECORPED KILL 



HUHP P I G  MCMT UHlY 4 - MELN PIGS PER GROUP 



H U H P  PIG MCMT UNIT 4 - GROUP SUCCESS RITE 



HUHP PIC MGMT UNIT 4 - HUNTING RECRELTIOH 
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HVHP P I G  MCMT U N I T  5 - HUHTIHC EFFORT 



HUMP PIC MCMT UHIT 5 - RECORDED KILL 



HUNP P I C  MGMT UNIT 5 - ME41 PIGS PER GROUP 
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HUMP PIG MGMT UNIT 9 - RECORDED KILL 
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HUMP P I G  MCMT U N I T  9 - M E l N  P I G S  PER G R O U P  



HUNP PIC MGMT UNIT 9 - GROUP SUCCESS RLTE 



M HVNP PIC MCMT UNIT 9 - HUNTING RECREilrION 
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HUHP PIG MGMT UHIF 10 - HUNTING EFFORT 
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HUMP PIG MCMT UNIT 10 - RECORDED KILL 



HUMP PIG MGMT UNIT iB - MElH PIGS PER CROUP 

No Data 
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HUMP PIG MGMT UNIT 10 - GROUP SUCCESS RLTE 
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M HVHP PIC MGMT UNIT i 0  - HUNTING RECRELTION. 
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HVNP PIC MGMT UNIT ii - HUNTING EFFORT 



H V H P  P I G  MCMT U H I I  11 - RECORDED KILL . 
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HUMP PIC MGMT UNIT i i  - MELH PIGS PER GROUP 



HUMP PIC MGMT UNIT 11 - CROUP SUCCESS RllE 



M HUHP P I C  MGMT UNIT i i  HUNTING RECREITION 
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HVHP - HUNTING EFFORT 



YELR - SEASON UI 
4 



HVHP - MEIH PIGS PER CROUP 

KILAUEA 

YEAR - SELSBN 



HVNP - GROUP SUCCESS RLTE 
iBB  T 

77 3 78 3 79 

YEAR - SEASON 



HVNP - HUNTING RECREll'IOW 
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PIC HUNTING EFFORl 
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HUNP - RECORDED PIC KILL 
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HUHP - MElN PIGS PER GROUP 
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HVHP = CROUP SUCCESS RLIE 
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HUMP - PIG HUHTIWG RECRElTION 




